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WORK PLAN ORGANIZATION

This Sampling and Analysis Work Plan is an extension of the existing Watershed Assessment and
Planning Branch, October 2004 “Quality Assurance Project Plan (QAPP) for Indiana Surface Water
Quality Monitoring and Total Maximum Daily Load (TMDL) Program” and serves as a link to the
existing QAPP as well as an independent QAPP of the project. Per the United States Environmental
Protection Agency (U.S. EPA) 2006 QAPP guidance (U.S. EPA 2006), this Work Plan establishes
criteria and specifications pertaining to a specific water quality monitoring project that are usually
described in the following four groups (phases) or sections as QAPP elements:

Section I. Project Management/Planning

Project Objective

Project/Task Organization and Schedule
Background and Project/Task Description
Data Quality Objectives (DQOS)

Training and Staffing Requirements

Section Il. Measurement/Data Acquisition

Sampling Procedures

Analytical Methods

Sample and Data Acquisition Requirements

Quality Control (QC) Measures Specific to the Project

Section Ill. Assessment/Oversight

External and Internal Checks

Audits

Data Quality Assessments (DQAS)

Quiality Assurance/Quality Control (QA/QC) Review Reports

Section IV. Data Validation and Usability

e Data Handling and associated QA/QC activities
o QA/QC Review Reports
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SOLAS: Safety of Life at Sea
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S.U. Standard Units
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U.S. EPA: United States Environmental Protection Agency
USGS: Unites States Geological Survey
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DEFINITIONS
Ash Free Dry Mass A measurement of the organic content weight of a

standardized sample material after drying. Drying occurs
by baking the sample at a low temperature for a
determined period of time and then weighing. After
weighing, the sample is combusted at a high temperature
to burn off the organic content. The sample is then re-
weighed. The difference between the low temperature
weight and post high temperature weight is the organic
content weight of the sample.

Backwater A part of the river not reached by the current, where the
water is stagnant.

Biological Condition Gradient (BCG) The Biological Condition Gradient is a conceptual model
that describes changes in aquatic communities. It is
consistent with ecological theory and has been verified by
aquatic biologists throughout the United States.

Biological Oxygen Demand (BODs) The amount of dissolved oxygen needed (i.e., demanded)
by aerobic biological organisms to break down organic
material present in a given water sample at certain
temperature over a specific time period. The BOD value
is most commonly expressed in milligrams of oxygen
consumed per liter of sample during 5 days of incubation
at 20 °C.

Data Logger A water quality monitoring device for collecting a data
point at regular intervals without human intervention. The
device is deployed for a pre-determined period of time,
allowed to collect data points for the desired parameter,
retrieved, and the data off-loaded for management and
assessment.

Diel (Diurnal) Dissolved Oxygen

Concentration Of or relating to the maximum swing of dissolved oxygen
concentration in water of a stream or lake between the
light and dark periods of a 24-hour day.

Elutriate To purify, separate, or remove lighter or finer particles by
washing, decanting, and settling.

Fifteen (15) minute pick A component of the IDEM multihabitat macroinvertebrate
field sampling method used to maximize taxonomic
diversity in which the one-minute kick sample and fifty-
meter sweep sample collected at a site are first combined

X
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and elutriated. Macroinvertebrates are then manually
removed from the resulting sample for 15 minutes.

A component of the IDEM multi-habitat macroinvertebrate
sampling method in which approximately 50 meters (50
m) of shoreline habitat in a stream or river is sampled with
a standard 500 micrometer (500 pm) mesh width D-frame
dipnet by taking 20-25 individual “jab” or “sweep”
samples, which are then composited.

Glides are wide habitats with even flow and low to
moderated velocities and little or no surface turbulence.
Substrates in glide reaches are usually sand, gravel or
cobble. Glides often form a transition from a pool to the
upper end of a riffle.

A body of water confined within an enclosure, such as a
reservoir.

A waterbody, such as a stream or river, in which the
water is flowing.

Aquatic animals which lack a backbone, are visible
without a microscope, and spend some period of their
lives in or around water.

A frequently or continually inundated wetland
characterized by emergent herbaceous vegetation
adapted to saturated soil conditions.

A calibration and approach to identifying and assessing
biological community response mechanisms to
corresponding nutrient concentrations in aquatic systems.

A component of the IDEM multi-habitat macroinvertebrate
sampling method in which approximately one square
meter (1 m2) of riffle or run substrate habitat in a stream
or river is sampled with a standard 500 micrometer (500
pm) mesh width D-frame dipnet for approximately one (1)
minute.

A thin piece of glass marked with a linear or areal scale
that is inserted into a microscope ocular, superimposing
the scale onto the image viewed through the microscope.

A stream that has continuous flow in the stream bed all
year during years of normal rainfall. Water must be
present in at least 50% of the stream reach during the
time of fish community sampling.

Algae attached to an aquatic substrate.
A segment of a stream used for fish community sampling
equal in length to 15 times the average wetted width of

the stream, with a minimum length of 50 meters and a
maximum length 500 meters.
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Organisms and non-living matter swimming or floating in
a water body.

A sampling point which falls on a perennial stream within
the basin of interest and the boundaries of Indiana.

"Wetland" is a generic term for a habitat characterized by
the presence of water, either at the surface or within the
root zone (saturated, anoxic soils or standing water for a
sustained period of time), undrained, hydric soils, and
hydrophytic vegetation. Often described as ecotones or
transition zones between uplands and aquatic systems,
wetland types vary greatly and, in the United States, are
classified or defined by their characteristics.

Xii
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. PROJECT MANAGEMENT/PLANNING

Project Objective

The primary objective of the nutrient/diel dissolved oxygen (D.O.) pilot study is to further trace the steps
from nutrients to periphyton (as chlorophyll-a (CHL-a)), from periphyton to D.O., and from D.O. to aquatic
macroinvertebrates and fish community responses, with the goal of identifying benchmarks at each step
that would help define where a given water body is positioned along a continuum of enrichment. Diel
D.O. minimum/maximum and biological oxygen demand (BODs), not normally a part of the suite of
analyses used by the Office of Water Quality-Watershed Assessment and Planning Branch for biological
community assessments, will be evaluated for their potential as secondary response indicators that could
help to further refine nutrient thresholds from biological community response.

The use of multiple lines of evidence, including nutrient concentrations, algal biomass, oxygen demand;
and diatom, aquatic macroinvertebrate and fish communities’ responses, is the most effective procedure
for the identification of the nutrient condition of a stream and will provide defensible evidence in support of
the methodology for the development of numeric nutrient criteria. Data collected during the nutrient/diel
D.O. pilot study will be assessed and used to:

e Support the further development of numeric nutrient criteria for Indiana’s water quality standards;

e Further the development of a weighted approach to numeric nutrient criteria development utilizing
multiple response variables;

¢ Develop biological response indicators for use in making water quality assessments on the
impacts of excessive nutrient loads in Indiana’s rivers and streams;

e Determine the eutrophication status of Indiana’s rivers and streams;

e Conduct water quality assessments for eutrophication in Indiana’s rivers and streams pursuant to
CWA Section 305(b) to support the development of Indiana’s Integrated Report to U.S. EPA,;

e Develop Indiana’s CWA Section 303(d) List of Impaired Waters where excessive nutrient inputs
are occurring;

o Develop total maximum daily load (TMDL) models (40 CFR, Part 130.7) to address impairments
due to excessive nutrients in Indiana’s rivers and streams;

¢ Identify water quality improvements accomplished by watershed restoration efforts to abate
excessive nutrient loads to Indiana’s rivers and streams’

e Support efforts in abating excessive eutrophication and cyanobacteria growth in Indiana’s rivers
and streams that pose risks to human, wildlife, domestic pets, and livestock health in Indiana;

e Support the development of national pollutant discharge elimination system (NPDES) permit
limits to address excessive nutrient loads from point sources into Indiana’s rivers and streams;

e Support U.S. EPA’s Strategic Plan to:
o Protect human health;
o Protect and restore watersheds and aquatic ecosystems; and

o Expand applied research.
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Conduct and integrate U.S. EPA nitrogen and co-pollutant research efforts across
multiple media and various temporal and spatial scales, including support for developing

numeric nutrient criteria, decision-support tools, and cost-effective approaches to nutrient
reduction; and

Promote enhanced compliance through more comprehensive monitoring and surveillance
programs.



Project/Task Organization and Schedule

Table 1. 2017 Nutrients/Diel dissolved oxygen Pilot Study Tasks, Schedule, and Evaluation.
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Activity Date(s) Number of Sites Frequency of Sampling-related activity Parameter to be sampled How evaluated
Candidate sites previously sampled by IDEM OWQ that met criteria for
Site Selection Sept,, 2016 93 candidate sites N/A N/A inclusion to a multivariate cluster analysis on gradients of total phosphorus,
total nitrogen, total IBI score, and QHEI > than 53.
Land owner approval, stream access, and safety characteristics for first
Site Feb. — Mar., . At least one visit but may require several to . . . o
. 28 target sites o N/A seven sites approved from each of four bins established from multivariate
Reconnaissance 2017 obtain final approval . ) )
clusters (total 28 sites); “Target” or “Non-target” designations.
Once each in July, August and Sept with a CBOD5 Ordinal ranking classification across the spectrum of results for each of the
minimum 30 days between sampling events 28 sites sampled
Ortho-phosphate
Phosphorous, Total Once@ >0.3 mg/L (for nutrients)
Nitrogen (NO3 & NO2) Once@ >10.0 mg/L (for nutrients)
Dissolved O2 <4.0 mg/L; >12 mg/L (for nutrients)
pH >9.0 Standard Units (for nutrients)
Algal conditions Excessive (for nutrients, based on a visual inspection)
. July - Sept., . TOC*
Water Chemistry 28 target sites
2017 DocC*

Total Metals *

Dissolved Metals *(See Table 9)

Arsenic (llI)*
Nitrogen Ammonia
Chloride

Sulfate

Dissolved Solids

CAC based on hardness

190 pg/L

CAC based on pH and temperature
CAC based on hardness and sulfate
Based on hardness and chloride
750 mg/L
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Fish Community

Macroinvertebrate Community

Qualitative Habitat Evaluation Index (QHEI)

Fish Community

Macroinvertebrate Community

Habitat Quality

Fish Index of Biotic Integrity (IBI); Nutrient Biotic Index (NBI)

Macroinvertebrate 1Bl

QHEI (evaluated separately for fish and macroinvertebrate communities)

Biological Sampling Aug., 2017 28 target sites .
Measurements of canopy cover and density
% Canopy open. Spherical densiometer
Angle of canopy to stream Clinometer — angle from center of stream channel to the top of the riparian
channel canopy at three points in the stream reach.
Deployment of Onset Hobo® U26-001 The increase in dissolved oxygen from dawn to dusk reflects net primary
. Dissolved oxygen data logger. Minimum of 7 . productivity. Minimum, maximum and average change in dissolved oxygen
Dissolved oxygen . . Dissolved oxygen (mg/l) and . . . o
. o Aug., 2017 28 target sites days at data collection rate of no less than . for the seven day period. Ordinal ranking classification across the spectrum
continuous monitoring . . temperature (degrees Celsius) .
one data point every 15 minutes. (August of results for each of the 28 sites sampled
2017)
Once - 14 days maximum of other biological
. . " . Diatom identification and enumeration
Algal Samples . community sampling and within 7 days of the Algal Diatoms .
. Aug., 2017 28 target sites . . . CHL-a and Phaeophytin-a
(periphyton) retrieval of dissolved oxygen data loggers. Algal Biomass

(August 2017)

Ash Free Dry Mass (AFDM)
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Background and Project/Task Description

Nutrients are essential constituents to ecosystem functioning in aquatic systems and are
essential to the life that inhabits them. Phosphorus and nitrogen are two of the major
macronutrients required for energy fixation in plant growth and primary productivity. Excessive
amounts of nutrients in aquatic ecosystems can lead to shifts in species composition, reduced
D.O. concentrations, fish Kills, and toxic algal blooms (Caskey et al. 2012). Although
understanding ecological responses to excessive amounts of these nutrients can be complicated,
nutrient enrichment from anthropogenic sources has long been recognized to have significant
impacts on the health of aquatic ecosystems as land use has been shown to be highly correlative
to excessive nutrient loads into aquatic systems (Omernik 1977; Fraterrigo and Downing 2008;
Miltner 2010).

The development of nutrient criteria in Indiana and other midwestern Corn Belt Ecoregion states
has been difficult as most streams are thought to have reached nutrient saturation (Caskey et al.
2012). Fish and invertebrate communities reflect that saturation by the dominance in streams of
organisms that can use algal biomass (i.e., herbivores, omnivores, scrapers) (Caskey et al.
2013). Biological response is a critical component of nutrient criteria development and requires
identifying low nutrient sites (Caskey et al. 2012). In a study utilizing 312 Indiana river and
stream sites (2005-2009) previously sampled by IDEM across the State, Caskey et al. (2012)
assessed nutrients, periphyton CHL-a, aquatic macroinvertebrate and fish community data with
the objective of determining which biological community taxa attributes best reflected the
conditions of streams in Indiana along a gradient of nutrient concentrations. Although they
identified lower and upper threshold nutrient concentrations, they found the biological community
response relationship, when measured directly against the nutrient gradient, to be weak.
Because nutrient concentrations in Indiana often are so high, response relationships between
algal biomass and nutrients can also be weak, and other datasets are needed to develop a
meaningful nutrient threshold. Out of 312 sites, querying for low nutrients and low algal biomass
identified a subset of seven nutrient reference sites (IDEM 2015c).

Numerous field studies have demonstrated the links between nutrients and algae, aquatic
macroinvertebrates and fish such that a reasonable picture exists of how biological condition
changes across a nutrient gradient (Miltner 2010). A dose-response relationship is thought to
occur, but it is an indirect path influenced by numerous environmental variables (i.e. land use,
light, temperature, flow gradients, in-stream and riparian habitats, and substrate types) that can
impact whether a given amount of nutrient enrichment is limiting, sustaining, or detrimental to the
aquatic communities (Munn et al. 2010). The impact of eutrophication on higher trophic levels is
difficult to quantify because fish and aquatic macroinvertebrate communities are strongly
influenced by physical habitat. However, the dose-response relationship can be exploited,
because there is a reasonably predictable and consistent response between increasing nutrient
concentrations and periphyton (Hillebrand 2002), and between periphyton and D.O.
concentrations (Morgan et al. 2006; Huggins and Anderson 2005; Heiskary et al. 2010; Miltner
2010). For example Sabater et al. (2000) observed a 10.0 mg/l difference between daytime and
nighttime D.O. at an enriched site where periphytic CHL-a levels exceeded 500 mg/m? and that
the short episodes of hypoxia were responsible for fish kills. In a study of large Minnesota rivers
the daily ranges in D.O. were positively correlated with total phosphorus and periphytic CHL-a,
and in turn, the number of Ephemeroptera, Plecoptera, and Trichoptera taxa were negatively
associated with the increasing range of daily D.O. (Heiskary and Markus 2003).

In order to further the development of a weighted approach to nutrient criteria development
utilizing multiple response variables, the proposal of this pilot study is to further trace the steps
from nutrients utilization to periphyton biomass as CHL-a , from periphyton to D.O. , and from
D.O. to diatom, macroinvertebrate, and/or fish communities responses, with the goal of identifying
benchmarks or change points at each step that would help define where a given water body is
positioned along a continuum of enrichment or nutrients utilization. Diel D.O. and BODs, not
normally a part of the suite of analyses with biological community assessments by the OWQ-
WAPB, have been identified as additional secondary response indicators that might help to
further refine nutrient thresholds from biological community response.
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With that, the objectives of this pilot study are two-fold. The first is to measure whether
concentrations of primary nutrients (phosphorus and nitrogen) are positively associated with
periphytic CHL-a, and, in turn, increasing daily variation in D.O. concentrations. If those
relationships hold, then determine if the increasing expression of nutrient enrichment given by
either of these secondary response indicators corresponds to decreasing condition of diatom,
macroinvertebrate, and/or fish communities (biological condition indicators). Where clear
associations between stressor and response variables are found, the second objective becomes
identifying concentrations or levels in the stressors over which the respective response variables
change appreciably through further more expanded sampling and modelling in a subsequent
study. The change points then form the basis for defensible water quality standards for nutrients
in small rivers and streams.

This nutrient/diel D.O. pilot study consists of a single season of sample collection and field
observations to assess and characterize overall water quality and biological integrity at the target
sites (see Section Il on MEASUREMENT/DATA ACQUISITION for random site selection details,
QAPP ELEMENT B1). For each target site, the following categories of data will be investigated
and utilized for assessment purposes: monthly water chemistry, instantaneous in situ water
guality parameters collected with each site visit, continuous data acquisition for D.O. diel
minimum and maximums, periphyton algal samples (including CHL-a/phaeophytin-a, Ash Free
Dry Mass (AFDM), and diatom community enumeration), fish and macroinvertebrate community
assemblages, standardized qualitative habitat evaluations, and physical measures of the arboreal
canopy cover.

Organizations that help IDEM OWQ with data preparation, collection, and analysis include the
United States Geological Survey (USGS), private laboratories under contract with the State of
Indiana (e.g., Pace Analytical), the Department of Biological and Environmental Sciences at
Georgia College and State University, U.S. EPA Region V, the Indiana Department of Natural
Resources (DNR), and the Indiana State Department of Health (ISDH). Landowners and property
managers throughout the state also participate by assisting staff to access remote stream
locations to collect samples.

The U.S. EPA recommends the use of multiple bio-indicators (i.e. using periphyton, fish and
aquatic macroinvertebrate communities and the amount of CHL-a derived from algae), facilitating
the “weight-of-evidence” approach to interpretation of biomonitoring results (U.S. EPA, 2004).
This approach involves interpreting data from multiple sources to arrive at conclusions about an
environmental system or stressors such as nutrients. Multiple lines of evidence utilizing more than
one bio-indicator can be valuable in correlating critical levels of nutrients to stream biota. Diatom
identification and enumeration will also aid in establishing algal metrics as part of nutrient criteria
being developed for Indiana’s lotic surface waters.

Data Quality Objectives (DQO)

The DQO process (U.S. EPA 2006) is a planning tool for data collection activities. It provides a
basis for balancing decision uncertainty with available resources. The DQO is required for all
significant data collection efforts for a project and is a seven-step systematic planning process
used to clarify study objectives, define the types of data needed to achieve the objectives, and
establish decision criteria for evaluating data quality. The DQO process for the nutrient/diel D.O.
pilot study is identified in the following seven steps.

1. State the Problem
Assessments: Indiana is required to assess all waters of the state to determine their designated

use attainment status. “Surface waters of the state are designated for full-body contact
recreation” and “will be capable of supporting” a “well-balanced, warm water aquatic community”
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[327 IAC 2-1-3]. This pilot study will gather biological (algal, fish and macroinvertebrate),
chemical, and physical habitat data for the purpose of assessing and tracing the steps from
nutrients to periphyton (as CHL-a), from periphyton to D.O., and from D.O. to diatom, aquatic
macroinvertebrate and/or fish community responses, with the goal of identifying benchmarks at
each step that would help define where a given water body is positioned along a continuum of
enrichment.

Nutrient Criteria: The U.S. EPA mandated that states either adopt U.S. EPA’s nutrient criteria or
develop criteria specific to waters within each state by the year 2004 (U.S. EPA 2000a; 2000b;
2000c). An extension was given to several states (including Indiana) that submitted plans
describing data needs, analyses, and protocols that would be used in developing nutrient water
quality criteria. Since 2001, IDEM and the USGS have collaborated on several projects which
have provided the technical background for developing nutrient criteria for rivers and streams in
Indiana. The U.S. EPA has recommended a multiple-lines-of-evidence approach for developing
nutrient criteria and has, therefore, approved the implementation of a program that includes the
identification and enumeration of diatoms. In order to develop numeric nutrient criteria for rivers
and streams in Indiana, IDEM and the USGS have statistically analyzed water chemistry, fish,
macroinvertebrate, and CHL-a data from 2005-2009 (Caskey et al. 2013). The addition of
taxonomic analysis of periphyton samples to the existing data set will add another line of
evidence in this endeavor. However, diel D.O. and BODs, not normally a part of the suite of
analyses with biological community assessments by the Office of Water Quality-Watershed
Assessment and Planning Branch, have been identified as the additional secondary response
indicators that might help to further refine nutrient thresholds from biological community response.

2. Identify the Decision

The primary objective of this project is to gather biological (algal, fish and aquatic
macroinvertebrate), chemical, and physical habitat data for the purpose of assessing and tracing
the steps from nutrients to periphyton (as CHL-a), from periphyton to D.O., and from D.O. to
periphyton, macroinvertebrate and fish communities responses, with the goal of identifying
benchmarks or change points at each step that would help define where a given water body is
positioned along a continuum of enrichment. Exploratory methodologies and correlative
associations of the data will be employed in the assessment for this pilot study to identify those
significant change points of enrichment with biological community response factors. Our null
hypothesis is that there are no differences in diel D.O. daily ranges, algal biomass as measured
by CHL-a and AFDM, and biological community structure response across the gradient of nutrient
concentrations or nutrient utilization in streams between each of four bins or clusters (candidate
sites previously sampled by IDEM OWQ that met criteria for inclusion to a multivariate cluster
analysis on gradients of habitat quality from good to excellent, total phosphorus, total nitrogen,
and total 1Bl score.

Biological Criteria:

Indiana narrative biological criteria [327 IAC 2-1-3; 327 IAC 2-1.5-2] states that “all waters, except
as described in subdivision (5),” (i.e., limited use waters) “will be capable of supporting” a “well-
balanced, warm water aquatic community”. The water quality standard definition of a “well-
balanced aquatic community” is “an aquatic community that: (A) is diverse in species
composition; (B) contains several different trophic levels; and (C) is not composed mainly of
pollution tolerant species” [327 IAC 2-1-9; 327 IAC 2-1.5-5].

To assist in the development of numeric nutrient criteria fish, aquatic macroinvertebrates, and
periphyton based diatoms will be collected in conjunction with chemical, CHL-a, phaeophytin-a,
and AFDM data from each site, along with field parameters and physical and habitat site
descriptions. Fish identifications and enumerations will occur in the field. Any unknown fish will
be photographed or an example preserved for further identification in the IDEM laboratory. Once
collected, diatom and macroinvertebrate samples will be preserved and transported to the IDEM
laboratory where each will be identified and enumerated.
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3. Identify the Input to the Decision

Under this pilot study, field monitoring activities are required to collect physical, chemical,
biological (algal as periphyton diatoms, fish and macroinvertebrates), and habitat data that will be
used to address the necessary assessments and decisions previously described. Monitoring
activities will take place at target sites for which permission to access has been granted by the
landowners or property managers, or at bridge easements as appropriate. Due to the statistical
nature of the survey design, historical data may also be used in the calculation of nutrient
response benchmarks as well as aquatic life use support (ALUS) classifications supporting or
non-supporting aquatic life uses. Collection procedures for field measurements, algal, chemical,
biological, and habitat data will be described in detail under Section Il. MEASUREMENT/DATA
ACQUISITION.

4. Define the Boundaries for the Study

For the purpose of this pilot study, the Corn Belt Plains Ecoregion (Ecoregion Level Ill) (Figure 1),
which includes Indiana portions of both the Eastern and Central Corn Belt Plains ecoregions, is
geographically defined as within the borders of Indiana contained in all or portions of 32 8-digit
Hydrologic Unit Codes (HUCs) (Table 2).
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Land Use Class

-Open Water

Developed, Open Space

Developed, Low Intensity

Developed, Medium Intensity
Developed, High Intensity
Barren Land

Deciduous Forest

Evergreen Forest
© Mixed Forest
H Shrub/Scrub

Herbaceous

Hay/Pasture

. Cultivated Crops

Woody Wetlands

Mapped By: o % 3 (% Watershed
4 i T
Myra McShane, Office of Water Quality | | ] Sl

o o o Corn Belt Plains
Map Projection: UTM Zone 16 N [ T I T 1
Map Datum: NAD83 0 25 50 Miles S L\’_'_[_—] County

Figure 1. Inclusive 8-digit USGS HUCs of the Eastern and Central Corn Belt Plains
ecoregions in Indiana (Homer et al. 2015)
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Table 2. All or part of USGS Hydrologic Unit Codes (HUCs) contained within the Eastern
and Central Corn Belt Plains ecoregions within Indiana.

HUC 8
04040001
05120203
05120208
04100007
05120101
05120103
05120206
05120207
04050001
05120104
05120110
05120111
05120204
04100004
04100005
05140101
05080002
05120107
05120201
07120002
07120003
04100003
05080001
05120108
05120205
07120001
05080003
05090203
05120102
05120105
05120106
05120109

HUC 8 NAME

Little Calumet-Galien
Eel WRWVR)

Lower East Fork White
Auglaize

Upper Wabash
Mississinewa

Upper East Fork White
Muscatatuck

S Joseph (MI)

Eel WR)

Sugar

Middle Wabash-Busseron
Driftwood

S Marys

Maumee

Slver-Little Kentucky
Lower Great Miami
Wildcat

Upper White

Iroquois

Chicago

S Joseph (OH)

Upper Great Miami
Middle Wabash-Little Vermilion
Hatrock-Haw
Kankakee

Whitewater

Middle Ohio-Laughery
Salamonie

Middle Wabash-Deer
Tippecanoe

Vermilion
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The Corn Belt Plains Ecoregion in Indiana (Level Ill: Ecoregions 54 and 55 combined)

The total land area for the combined Corn Belt Plains ecoregions in Indiana is 50,821 square
kilometers (km?) (19,622 square miles (miles?)). Of this, the top five land uses include: 1)
cultivated land - 66%; 2) deciduous forest - 13%; 3) developed open space - 6.5%; 4) low,
medium and high density development combined - 6.1%; and hay/pasture -5.1%. These five land
uses make up 97% of the land uses in the combined ecoregions in Indiana (Figure 1, Homer et
al. 2015).

Central Corn Belt Plains (Ecoregion Level IV 54)

The Central Corn Belt Plains Ecoregion consisted of extensive prairie communities intermixed
with oak hickory forests that were native to the glaciated plains of the Central Corn Belt Plains;
they were a stark contrast to the hardwood forests that grew on the drift plains of ecoregions to
the east. Ecoregions to the west were mostly treeless except along larger streams. Beginning in
the nineteenth century, the natural vegetation was gradually replaced by agriculture. Farms are
now extensive on the dark, fertile soils of the Central Corn Belt Plains and mainly produce corn
and soybeans; cattle, sheep, poultry, and especially hogs are also raised, but they are not as
dominant as in the drier Western Corn Belt Plains to the west. Agriculture has affected stream
chemistry, turbidity, and habitat (Omernik 1987; USEPA 2000a).

Eastern Corn Belt Plains (Ecoregion Level IV 55)

The Eastern Corn Belt Plains is primarily a rolling plain with local end moraines; it had more
natural tree cover and has lighter colored soils than the Central Corn Belt Plains. The region has
loamier and better drained soils than the Huron/Erie Lake Plain, and richer soils than the
Erie/Ontario Hills and Lake Plain. Glacial deposits of Wisconsin age are extensive. They are not
as dissected nor as leached as the pre-Wisconsin till which is restricted to the southern part of the
region. Originally, beech forests were common on Wisconsin soils while beech forests and elm-
ash swamp forests dominated the wetter pre-Wisconsin soils. Today, extensive corn, soybean,
and livestock production occurs and has affected stream chemistry and turbidity (Omernik 1987;
USEPA 2000a).

Target Population of Streams

In March 2015, IDEM worked with U.S. EPA and Tetra Tech to develop a framework and criteria
for reference site selection (IDEM 2015c). IDEM provided Tetra Tech with a list of 1458 sites that
were previously sampled between 2003 and 2013 for possible reference site selection. These
Indiana stream sites were utilized for the iterative process to develop an initial list of 93 potential
sites based on the site controls listed below.

The target sample population for the basin is defined as all perennial streams within the
boundaries of the Corn Belt Plains Ecoregion (Ecoregion Level IIl) within the geographic
boundaries of Indiana. The sample frame for selection of 28 target sites is comprised of all
wadeable rivers, streams, canals, and ditches as indexed through the NHD-Plus dataset (U.S.
EPA and USGS 2005) of drainage area between 52 and 2590 km?2 (20 and 1000 miles?), having
been previously sampled by IDEM between 2003- 2013, with an in-stream gradient between the
25" and 75™ percentile for all Indiana wadeable streams for which we have gradient data in AIMS
(=2.38 to <7.25 ft./mile), a historical fish community assessment (IBI), a QHEI score during the
fish community assessment of greater than or equal to 53, and with water quality results for total
nitrogen and total phosphorus. Marshes, wetlands, backwaters, impoundments, dry sites, and
streams with no apparent channel (i.e. submerged or run underground either through natural
processes or by anthropogenic channel alterations) are excluded as they are considered non-
target populations.

Site selection for the nutrient/diel D.O. pilot study started with the original 1458 sites and then

eliminated sites based on the above controls. A principal component multivariate cluster analysis
using Statistica 12® software (Statsoft Corporation) was performed to group sites by common
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characters (Figure 2). Candidate sites were clustered across the gradient of the total QHEI
metric, to the Tetra Tech (2015) variates of the phosphorus metric, total nitrogen metric, and fish
community IBI metric rankings. Four distinct clusters or bins of sites were identified across the
habitat quality gradient (sites clustered between bins 2 and 3 were omitted from the selection
process). Bin 1 contains sites with high quality habitat, great fish community structure, and have
excess nutrients (e.g., nitrogen and phosphorous) passing through the watershed without being
absorbed. Bin 2 consists of sites with the best quality habitat, great fish communities structure,
and, similar to Bin 1, have nutrients passing through without absorption occurring. Sites within
Bin 3 contain good quality habitat, good fish community structure, and are seeing nutrients being
absorbed into the watershed. Bin 4 is comprised of sites which have the lowest quality habitat
and fish community structure of the four bins, and, similarly to Bin 3, has nutrient absorption
occurring.

A randomized draw was performed to rank all of the sites in each of the four identified bins to a
priority list for sampling (Table 3). From this list the first seven sites listed for each bin was
selected as a priority site for sampling. If after site reconnaissance a site was no longer
considered “target,” then the next site down on the list for that bin group was selected as a
replacement. This process was to assure that the study would sample seven sites from each of
the four bins (total 28 sites for the pilot project). Thirty of the 93 potential sites were also
identified as candidate reference sites (Table 3) (Tetra Tech 2015).

Tree Diagram for 138 Cases
Single Linkage
Euclidean distances

25+

20+

BIN 1

Linkage Distance

05+

Figure 2. Multivariate cluster classification of candidate Pilot Study sites (n = 93) into four
distinct bins across gradients of QHEI total nitrogen, total phosphorus, and fish
community IBI metric rankings.
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Table 3. Prioritized list of 93 potential candidate sites for the Nutrients/Diel Dissolved Oxygen Pilot Study in the Corn Belt Plains Ecoregion.

m%ar Ref. site |Order —Ei?:s; BIN | L-Site Code WATERBODY | _CE)'LAJ,\I;I'IE'Y | LOCATION | ;Aérgggg | LSE%LL;{ZE | UTM EAST !UTM NORTH| ZLé)_TNN:E | HucC14
1 X 1 10 WEF-06-0002 Flatrock River Bartholomew CR 900 N 39.33192521 -85.86121339 598148.4312 4354229.979 16N '05120205050150'
2 1 25 2 WAE060-0012 Eel River Miami CR 190 W 40.8256862  -86.11336948 574763.5281 4519785.061 16N '05120104060040' |
3 X (sub ref.) 1 73 3 WSA010-0012 Little Salamonie River Jay Boundary Pike 40.406944 -84.96137 672985.3421 4474920.927 16N '05120102010040'
4 1 95 WWU100-0078 Fall Creek Madison Brown St 40.01593861  -85.69206833 611620.3918 4430345.519 16N '05120201100060'
5 2 16 - WSU040-0020 Sugar Creek Montgomery CR 275E 40.08778676  -86.85247732 512576.3531 4437511.185 16N '05120110040010'
6 2 28 2  WAWO040-0043 South Fork Wildcat Creek Tippecanoe SR 26 40.41806385 -86.76806189  519676.91 4474185.72 16N '05120107040130'
7 2 65 8 WED-07-0001 Sugar Creek Johnson River Rd 39.36953801 -85.99488726 586580.8145 4358267.656 16N '05120204090080'
8 2 96 4  WWU100-0098 Fall Creek Henry CR 700N 40.03376611  -85.54764056 623914.1986 4432515.269 16N '05120201100020"
9 3 7 - WAWO040-0065 South Fork Wildcat Creek Clinton CR 600 W 40.32092985  -86.61818972 532438.1612 4463448.215 16N '05120107040040'
10 X 3 29 2 WAWO040-0080 South Fork Wildcat Creek Clinton W Mulberry-Jefferson Rd 40.329145 -86.647122  529976.4684 4464349.872 16N '05120107040110'
11 X 3 67 3 WEM-02-0002 Graham Creek Jennings CR500S 38.90637908  -85.60614372 620857.8986 4307310.832 16N '05120207020070'
12 3 85 4 LMG-05-0015 Deep River Lake Clay Street 41.44704867  -87.27761876  476810.298  4588422.82 16N '04040001030040'
13 4 11 - WEMO20-0036 Graham Creek Jennings CR 230S 38.95664167 -85.49456667 630440.8124 4313042.641 16N '05120207020030'
14 X 4 33 2 WDEO050-0025 Deer Creek Carroll Cemetery Rd 40.600487 -86.547286  538302.9685 4494507.344 16N '05120105050080"
15 4 62 3 WED-03-0001 Brandywine Creek Shelby W 650 N 39.61836716  -85.80054133 602954.5497 4386088.341 16N '05120204040060'
16 4 91 4 WEUO010-0040 Clifty Creek Bartholomew CR 50N 39.2093675  -85.86791939 597740.5817  4340621.19 16N '05120206010160'
17 5 20 WWU-13-0003 White Lick Creek Morgan Carol Ln 39.59170304 -86.36779726 554284.8779 4382632.718 16N '05120201150130' |
18 X 5 35 2 WDEO050-0031 Deer Creek Cass CR 1100 S 40.60804003 = -86.37034006 553267.9937  4495437.78 16N '05120105050030"
19 5 78 3  WWU100-0040 Fall Creek Madison C.R. 650W 39.97086972 -85.796175  602803.1303 4425217.881 16N '05120201100090*
20 5 92 4 WLV160-0045 Big Raccoon Creek Montgomery CR 750 S 39.93023155 -86.76686619 519920.4799 4420039.658 16N '05120108160020" |
21 6 19 - WWU100-0106 Fall Creek Henry Mechanicsburg Rd 40.02506028  -85.55712583 623120.5469 4431535.792 16N '05120201100020"
22 X 6 37 2 WEM-07-0004 Vernon Fork Muscatatuck River Jennings CR25W 38.97467929  -85.6141175 620051.2278 4314880.036 16N '05120207070010"
23 6 61 3 UMIO30-0044 Carpenter Creek Jasper CR 1300 S 40.82431705 -87.17677482 485093.5584 4519269.914 16N '07120002030070"
24 6 97 WWU-11-0005 Eagle Creek Marion Belmont Ave 39.72427286  -86.19600909 568904.0751 4397463.903 16N '05120201120140' |
25 X 7 9 - WEF-06-0001 Flatrock River Bartholomew CR 400 N 39.260094 -85.92208196 592997.2301 4346193.773 16N '05120205050190"
26 7 53 2  WWU100-0064 Fall Creek Madison CR 750 W 39.96432222  -85.81504806 601201.0415 4424469.563 16N '05120201100090"
27 7 71 3 WLV160-0019 Big Raccoon Creek Boone @ CR 5008 39.96679722  -86.68392222 526993.3915 4424119.867 16N '05120108160010'
28 X 7 89 WED-04-0001 Sugar Creek Hancock E CR 1000 N 39.93160872  -85.69904306 611161.705 4420976.626 16N '05120204060020'
29 8 13 - WEU010-0039 Clifty Creek Decatur CR 420 W 39.38764378  -85.55871433 624122.1776 4360786.03 16N '05120206010050"
30 8 27 2  WAWO040-0018 South Fork Wildcat Creek Clinton CR 200N 40.31501966 -86.54371579 538768.7808 4462822.145 16N '05120107040040'
31 8 70 3 WLV040-0032 Big Pine Creek Benton @CR150S 40.58414722  -87.16546667 485996.9018 4492608.278 16N '05120108040050'
32 8 86 OML060-0019 Laughery Creek Ripley NCR75E 39.16019008 = -85.2524487 650986.5188 4336007.599 16N '05090203060110'
33 9 21 - WWU150-0044 East Fork White Lick Creek Morgan Windsong Trail 39.59888422  -86.36656327 554385.2211 4383430.458 16N '05120201150160'
34 9 30 2 WAWO040-0119 Kilmore Creek Clinton @ CR 180 East 40.34535556  -86.47304444 544753.4467 4466222.685 16N '05120107040080'
36 9 93 WWU010-0039 West Fork White River Randolph CR 200 E 40.187928 -84.93141703 676095.0902 4450667.499 16N '05120201010020"
37 10 5 - WAWO040-0005 South Fork Wildcat Creek Clinton CR130E 40.31888889 -86.4825 543967.5723 4463280.217 16N '05120107040020'
38 10 32 2  WAWO050-0010 Wildcat Creek Tippecanoe SR 25 40.4527 -86.851684  512576.2112 4478015.017 16N '05120107050010'
39 10 60 3 UMI020-0018 Ryan Ditch Jasper CR400S 40.957268 -87.058672  495062.4094 4534015.074 16N '07120002020050"
40 10 84 4 LMGO050-0080 Salt Creek Porter CR 600 N 41.52118333  -87.12875833 489256.9744 4596623.979 16N '04040001050030'
42 11 40 2 WMI050-0017 Deer Creek Grant CR650S 40.460785 -85.693697  610754.0523 4479721.268 16N '05120103050070'
43 11 76 3 WVEO080-0001 Jordan Creek Warren CR 800 W 40.380053 -87.48575 458767.2324  4470054.004 16N '05120109080020"
44 11 81 4 LMGO030-0022 Deep River Lake Randolph St 41.463922 -87.233299  480517.4096 4590285.145 16N '04040001030050'
45 12 6 - WAWO040-0006 South Fork Wildcat Creek Clinton CR 00 Rd 40.31527778  -86.50611111 541963.7642 4462867.938 16N '05120107040020'
46 12 43 2 WSU010-0031 Sugar Creek Clinton CR580S 40.20265833  -86.37410833 553267.8278 4450438.508 16N '05120110010030"
47 12 74 B WTI110-0003 Big Monon Creek White N Lowes Rd 40.876389 -86.830992  514240.3562 4525048.956 16N '05120106110130'
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Table 3. Continued.

o | metste [order| BOR gy | -sie cose WATERBODY | SSer | ocamon | HOEURE [LOMOIRE urwesst [urunorms| 2L nucis
48 12 90 WED-07-0003 Sugar Creek Johnson CR 700 E 39.45254055  -85.96772609 588815.1588 4367505.873 16N '05120204080100'
49 13 17 - WWU-01-0006 White River Delaware Sciscoe Rd 40.15774577 -85.3317396 642077.4043 4446599.801 16N '05120201010120"
50 13 44 2 WSU020-0015 Sugar Creek Montgomery  CR 1100 E 40.14340826  -86.70051246 525510.6268 4443717.31 16N '05120110020060"
51 13 58 3 LEJ090-0031 Cedar Creek Allen St. Rd. 327 41.258176 -85.131049 656570.3812 4569101.994 16N '04100003090030"
52 13 83 LMGO050-0053 Salt Creek Porter 1-80/90 41.58365 -87.13743611 488543.9731 4603560.157 16N '04040001050050'
53 X 14 12 - WEMO070-0032 Vernon Fork Muscatatuck River Jennings CR 150 W 38.95198889 -85.63975 617868.3388 4312328.448 16N '05120207070010"
54 X 14 46 2 WSU050-0033 Sugar Creek Parke CR 750 E 39.94124236  -87.11441882 490224.8769 4421241.99 16N '05120110050090'
55 14 75 3 WUWO080-0008 Rock Creek Huntington CR 500 E 40.794148 -85.350157 639187.9718 4517215.419 16N '05120101080060"
56 14 82 LMGO050-0009 Salt Creek Porter W 500 N 41.50722222  -87.13736667 488536.27 4595075.13 16N '04040001050030'
57 X (sub ref.) 15 14 - WLV160-0020 Big Raccoon Creek Montgomery @ CR 775 39.94097222  -86.75701111 520759.3182 4421234.002 16N '05120108160020"
58 X 15 26 2 WAWO030-0035 Middle Fork Wildcat Creek Tippecanoe CR 1025 E 40.406547 -86.710816 524537.6622 4472921.682 16N '05120107030070'
59 X 15 63 3 WEDO030-0028 Little Blue River Shelby German RD 39.53976495 « -85.72693629 609396.0903 4377451.432 16N '05120204030060"
60 15 94 WWU-09-0002 Fall Creek Marion 10th St 39.78024 -86.18719427 569603.1838 4403682.37 16N '05120201110060'
61 X 16 8 - WBU020-0023 Brouilletts Creek Vermillion SR 163 39.67111 -87.507203 456498.2032 4391377.599 16N '05120111020020"
63 X 16 69 3 WEUO030-0047 Sand Creek Jennings N CR 1000 W 39.06900567  -85.79524371 604222.1494 4325124.909 16N '05120206030190'
64 16 88 4 WAWO040-0081 Kilmore Creek Clinton CR 500 N 40.359707 -86.354598 554801.3478 4467882.299 16N '05120107040070"
65 17 15 - WSU030-0007 Lye Creek Montgomery 575 E, S of 800 N 40.147205 -86.796641 517321.337  4444115.556 16N '05120110030050'
66 16 45 2 WSU050-0030 Sugar Creek Montgomery 1 mile D/S SR 43 40.049292 -86.905807 508034.5025 4433232.416 16N '05120110050010"
67 17 77 8 WWU-05-0001 Duck Creek Hamilton 281st St 40.20015046  -85.87730341 595553.6895 4450576.648 16N '05120201060040'
68 17 87 4 UMK140-0010 West Creek Lake Chestnut Rd 41.22313 -87.501094 457999.5974 4563648.119 16N '07120001140030'
69 18 18 - WWU100-0100 Fall Creek Henry 8th St 40.04986028 -85.53712972 624781.659 4434316.357 16N '05120201100020'
70 17 47 2 WUW170-0015 Pipe Creek Miami SR 218 40.649116 -85.99316 585124.9197 4500294.044 16N '05120101170090"
71 18 64 3 WEDO050-0016 Big Blue River Shelby CR 550 39.443892 -85.88859677 595635.3078 4366626.966 16N '05120204050030'
72 18 80 4 LEJO050-0068 Fish Creek Dekalb CR 18 41.46349867 -84.81128336 682784.45 4592524.164 16N '04100003050060'
73 X 19 2 - LEJ090-0041 Black Creek Dekalb CR9 41.28242036  -85.14240761 655546.218 4571777.248 16N '04100003090060"
74 18 31 WAWO040-0151 South Fork Wildcat Creek Tippecanoe @ CR 200 South 40.38853889  -86.76279444 520132.578 4470909.685 16N '05120107040130'
75 19 59 3 LMG050-0092 Salt Creek Porter CR 250 W 41.47826111  -87.11411944 490472.0897 4591857.073 16N '04040001050020"
76 X 20 1 - GMWO070-0109 East Fork Whitewater River Wayne Lick Creek Farms Rd 39.78864104  -84.92720325 677484.7007 4406353.905 16N '05080003070060"
77 X 19 41 2 WMIO50-0020 Mississinewa River Grant CR 500 E 40.4559775 -85.57776278 620592.3673 4479339.528 16N '05120103050040'
78 X 20 68 3 WEMO070-0036 Vernon Fork Muscatatuck River Jennings CR 400 38.95429083  -85.68486108 613955.5396 4312526.522 16N '05120207070020'
80 20 50 2 WWU-03-0002 White River Madison 2nd St 40.11573238  -85.70198457 610612.5535 4441409.894 16N '05120201040080"
81 21 66 3 WEF020-0015 Flatrock River Rush CR 415 39.55042095 -85.4944404  629355.7994 4378942.607 16N '05120205020060'
82 X 21 54 2 WWUL100-0075 Lick Creek Madison CR 1000 S 39.95983056 -85.72611778 608803.4828 4424075.71 16N '05120201100100°
83 22 72 3 WLV160-0025 Big Raccoon Creek Montgomery  CR 1000 S 39.89448888 -86.83678455 513953.4448 4416059.365 16N '05120108160030"
84 X 22 36 2 WEMO020-0042 Graham Creek Ripley K Road and NE Exit Road 39.00787 -85.3831 639998.5967 4318893.473 16N '05120207020030"
85 X 23 79 3 WWU100-0074 Lick Creek Madison CR 400 W 39.95259639  -85.74909333 606852.323  4423244.986 16N '05120201100110'
86 X 23 39 2 WMI030-0010 Mississinewa River Delaware CR 400 E 40.30628389 -85.30351194 644166.1165 4463133.492 16N '05120103030020"
87 24 55 2 WWU100-0080 Fall Creek Madison Falls Park 40.00842 -85.74018 607526.1685 4429451.819 16N '05120201100060"
88 25 51 2 WWU-07-0001 White River Hamilton Strawtown Ave 40.13207388  -85.95249793 589242.8088 4442942.137 16N '05120201070010"
89 X (sub ref.) 26 38 2 WLV160-0013 Big Raccoon Creek Putnam US 231 39.85445546  -86.88695046 509670.332 4411609.517 16N '05120108160060"
90 X 27 22 2 GMW020-0035 Whitewater River Fayette CR 450 N 39.70765084  -85.11791036 661343.0251 4397003.447 16N '05080003020070"
91 28 52 2 WWU-09-0003 Fall Creek Marion Fall Cr Pkwy N Dr 39.86382643  -86.05170975 581107.0012 4413073.69 16N '05120201110050'
92 X 29 23 2 GMWO070-0082 East Fork Whitewater River Union Turkey Creek Rd 39.63502677 -84.9987092 671742.1692 4389163.765 16N '05080003070110"
93 X 30 56 2 WWU100-0083 Fall Creek Madison CR 200 E 40.01584861  -85.63388722 616585.9493 4430410.048 16N '05120201100050'
94 31 42 2 WSA040-0023 Salamonie River Huntington CR 400 W 40.76064472  -85.51411278 625418.4697 4513248.83 16N '05120102040020'
95 X 32 24 2 UMKO060-0042 Yellow River Marshall 13 B West 41.27626342 -86.4498675 546073.355 4569571.58 16N '07120001060060"
96 33 49 2 WWU-03-0001 White River Delaware Lincolnshire Dr 40.18141219 -85.4884506 628685.8423 4448987.868 16N '05120201020060"
97 X 34 48 2 WWE-04-0003 Big Walnut Creek Putnam 480 E 39.72372837  -86.76765989 519912.1861 4397120.3 16N '05120203020030"
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Figure 3. Map of 93 candidate sites for the nutrients/diel dissolved oxygen pilot study
color coded by associated cluster bin.
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Develop a Decision Rule

Samples will be collected for physical and chemical parameters, algal biomass and biological
communities if the flow is not dangerous for staff to enter the stream (e.g., water levels at or
below median base flow), and barring any hazardous weather conditions (e.g., thunderstorms or
heavy rain in the vicinity) or unexpected physical barriers to accessing the site. The field crew
chief makes the final determination as to whether or not a stream is safe to enter. Sample
collections for algal and biological communities may be postponed at a particular site for one to
four weeks due to scouring of the stream substrate or instream cover following a high water event
resulting in non-representative samples.

The primary assessment objective is to determine if there is a statistically defensible relationship
between nutrient concentrations, primary productivity, and the resulting diel D.O. patterns, and
biological community responses including changes in community composition and diversity. By
dividing target sites into bins of commonality based on multivariate associations, statistical
comparisons can be made between results from each of the respective bins. Each bin represents
a distinct set of sites with common variate features that, across the gradient of conditions, is
hypothesized to show statistical differences. If associations can be identified, this will be an
impetus for expanding the approach for eventual nutrient criteria development.

Secondarily, this pilot study may provide for, for ALUS assessments in the Indiana Integrated
Water Monitoring and Assessment Report by including independent evaluations of chemical, and
biological criteria as outlined in Indiana’s 2016 CALM (IDEM 2016b; IDEM 2016c, 36 - 39). The
fish assemblage will be evaluated at each site using the appropriate IBI (Simon 1991; Simon and
Dufour 1998), and BCG (Stamp et al. 2016) classifications. Macroinvertebrate multi-habitat
samples will also be evaluated using an IBI in the process of development at this time for lowest
practical taxonomic level identifications and BCG.

Given that ecological tolerances for many diatom species are known, changes in diatom
community composition can be used to diagnose the environmental stressors affecting ecological
health (Stevenson 1998; Stevenson and Pan 1999); thus, periphyton IBI metrics have been
developed and tested in many regions (Kentucky Department of Environmental Protection 1993;
Hill 1997). The periphyton assemblage may be used to assess biological integrity of a waterbody
without any other information; however, periphyton are most effective when used with habitat and
macroinvertebrate assessments, particularly because of the close relationship between
periphyton and these elements of stream ecosystems (Barbour et al. 1999). For this reason,
algal sampling will be conducted at the same sites where macroinvertebrates, fish, habitat,
chemical, and physical data will be collected.

5. Specify Tolerable Limits on Decision Errors

Good quality data are essential for minimizing decision error. By identifying errors in the
sampling design, measurement, and laboratory for physical, chemical, and biological parameters,
more confidence can be placed in the development of nutrient criteria. For this pilot study, our
null hypothesis is that there is no significant correlation or response of diel oxygen ranges to
increasing nutrient concentrations and thereby no significant measurable biological community
responses to diel oxygen extremes.
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Table 4. Decision Error Associated with Stream Reach Monitoring.

Actual Satus of Sampled Sream Reaches

No correlative diel oxygen
response to increasing nutrient
concentrations.

Diel oxygen correlative response to
nutrient concentrationsis significant

Work Plan Fndings

Diel oxygen correlative

: Sream reach data set is correctly
response to nutrient

identified as rejecting the null Decision Error

conc'fent.rgt|on3|s hypothesis (Type 1)
significant
No correlative diel
oxygen response to Decision Error 'Sregm reach data get |§ correctly
increasing nutrient (Type 2) identified as NOT rejgctlng the null
yp hypothesis.

concentrations.

A minimum of 28 target sites will be sampled within the Corn Belt Plains Ecoregion to assess the
utility of diel D.O. measures as a linking correlative to biological community response and
increasing nutrient loads. Site specific aquatic life use assessments include program specific
controls to identify the introduction of errors. These controls include water chemistry blanks and
duplicates, biological site revisits or duplicates, and laboratory controls through verification of
species identifications as described in field procedure manuals (IDEM 2002) and standard
operating procedures (IDEM 1992a, 1992b, 1992c, 1992d, 1992¢, 2010a, 2015a, 2016d).

The Quality Assurance (QA)/Quality Control (QC) process detects deficiencies in the data
collection as set forth in the IDEM QAPP for the Indiana Surface Water Quality Monitoring
Program (IDEM 2004). The QAPP requires all contract laboratories to adhere to rigorous
standards during sample analyses and to provide good quality usable data. Chemists within the
WAPB review the laboratory analytical results for quality assurance. Any data which is “Rejected”
due to analytical problems or errors will not be used for water quality assessment decisions. Any
data flagged as “Estimated” may be used on a case-by-case basis and is noted in the QA/QC
report. Criteria for acceptance or rejection of results as well as application of data quality flags is
presented in the QAPP, Table D3-1: Data Qualifiers and Flags, pages 130-131. Precision and
accuracy goals with acceptance limits for applicable analytical methods are provided in the
QAPP, Table A7-1: Precision and Accuracy Goals for Data Acceptability by Matrix, pages 45-47
and Table B2-2: Field Parameters, page 81. Further investigation will be conducted in response
to consistent “rejected” data in determining the source of error. Field techniques used during
sample collection and preparation, along with laboratory procedures will be subject to evaluation
by both the WAPB QA Manager and Project Manager in troubleshooting error introduced
throughout the entire data collection process. Corrective actions will be implemented once the
source of error is determined.

6. Optimize the Design for Obtaining Data

The site selection design facilitates sampling across clusters of conditions for the detection of
biological response points to the measures of interest.

Periphyton assemblages are impacted by habitat and aquatic macroinvertebrate community

structure; thus, to develop nutrient criteria, periphyton algal samples will also be collected from
the same sites.
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Training and Staffing Requirements
Table 5. Project Roles, Experience, and Training.
Role Required Responsibilities Training
Training/Experience References
-Bachelor of Science -Establish Project in the -AIMS I
Project Manager | Degree in biology or other | Assessment Information | Database User

closely related area plus Management System Guide
four years of experience in | (AIMS) Il database -U.S. EPA 2006
aguatic ecosystems -Oversee development of | Quality

(Master’s Degree with two
years aquatic ecosystems
experience may
substitute)

- Database experience

- Experience in project
management and QA/QC
procedures

Project Work Plan
-Oversee entry and QC
of field data

-Querying data from
AIMS Il to determine
results not meeting Water
Quiality Criteria
-Calculating predicted
percentage of perennial
stream miles non-
supporting for aquatic life
uses and recreational
uses in the river basin of
interest

Assurance (QA)
Documents on
developing
Work
Plans(QAPPs)

Field Crew Chief-
Fish or Aquatic
Macroinvertebrate
Community
Sampling

-Bachelor of Science
Degree in biology or other
closely related area

- At least one year of
experience in sampling
methodology and
taxonomy of aquatic
communities in the region
-Annually review the
Principles and Techniques
of Electrofishing
-Annually review relevant

-Completion of field data
sheets

-Taxonomic accuracy
-Sampling efficiency and
representation

-Voucher specimen
tracking

-Overall operation of the
field crew when remote
from central office
-Adherence to safety and
field SOP procedures by

-Barbour et al.
1999
-Hydrolab
Corporation
2002

-IDEM 1992a,
1992b, 1992c,
1992d,
1992¢,2002,
2010a, 2010b,
2010c, 2015b,
2016d

Fish or Aquatic
Macroinvertebrate
Community
Sampling

methodology prior to
participation in field
sampling activities
-Review the Principles and
Techniques of
Electrofishing

engaged in field sampling
activities

-Follow direction of Field
Crew Chief while
engaged in field sampling
activities

safety procedures crew members -Klemm et al.
-Annually review relevant -Ensure that multi-probe 1990
SOP documents for field analyzers are calibrated -Plafkin et al.
operations weekly prior to field 1989
sampling activities -Simon 1991
-Ensure that field -Simon and
Field Crew Chief- sampling equipment is Dufour
Fish or Aquatic functioning properly and 1998, 2005
Macroinvertebrate loaded into field vehicles | -U.S. EPA 1995
Community prior to field sampling -YSI 2002
Sampling activities
(Continued)
Field Crew -Complete hands-on -Follow all safety and -Barbour et al.
members- training for sampling SOP procedures while 1999

-Hydrolab
Corporation
2002

-IDEM 1992a,
1992b, 1992c,
1992d, 1992¢,
2002, 2010a,

19




Nutrients/Diel Dissolved Oxygen Pilot Study Work Plan
B-033-OWQ -WAP-PRB-17-W-R0

April 28, 2017
Role Required Responsibilities Training
Training/Experience References

-Review relevant safety
procedures

2010b, 2010c,
2015b, 2016d

-Review relevant SOP -Klemm et al.
documents for field 1990
operations -Plafkin et al.
1989
-U.S. EPA 1995
-YSI 2002
Field Crew Chief - | -Bachelor of Science -Completion of field data | -Hydrolab
Water Chemistry, | Degree in biology or other | sheets Corporation
Algal and/or closely related area -Sampling efficiency and | 2002
Bacteriological -At least one year of representation -IDEM 1997,
Sampling experience in sampling -Overall operation of the | 2002, 2010Db,
methodology field crew when remote 2010c, 2015b
-Annually review relevant from central office 2016e -YSI
safety procedures -Adherence to safety and | 2002
-Annually review relevant field SOP procedures by
SOP documents for field crew members
operations -Ensure that multi-probe
analyzers are calibrated
weekly prior to field
sampling activities
-Ensure that D.O. data
loggers are appropriately
programmed and
calibrated before
deployment, and data
properly off-loaded upon
retrieval
-Ensure that field
sampling equipment is
functioning properly and
loaded into field vehicles
prior to field sampling
activities
Field Crew -Complete hands-on -Follow all safety and -Hydrolab
Members - Water | training for sampling SOP procedures while Corporation
Chemistry, Algal methodology prior to engaged in field sampling | 2002
and/or participation in field activities -IDEM 1997,
Bacteriological sampling activities -Follow direction of Field | 2002, 2010b,
Sampling -Review relevant safety Crew Chief while 2010c,
procedures engaged in field sampling | 2015b,2016e -
-Review relevant SOP activities YSI 2002
documents for field
operations
Laboratory -Bachelor of Science -ldentification of fish and -IDEM 1992a,
Supervisor - Fish | Degree in biology or other | macroinvertebrate 1992e, 2004,
or Aquatic closely related area specimens collected 2010b, 2010c,
Macroinvertebrate | -At least one year of during field sampling 2012a
Community experience in taxonomy of | -Completion of laboratory | -AIMS I
Sample aguatic communities in the | data sheets Database User
Processing region -Verify taxonomic Guide

-Annually review relevant
safety procedures

accuracy of processed
samples

-Voucher specimen
tracking
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Role Required Responsibilities Training
Training/Experience References
-Annually review relevant -Adherence to safety and
SOP documents for SOP procedures by
laboratory operations laboratory staff
-Check data for
completeness
-Perform all necessary
calculations on the data
-Ensure that data are
entered into the AIMS Il
Database
-Ensure that required
QA/QC are performed on
the data
-Querying data from
AIMS Il to determine
results not meeting Water
Quality Criteria
Laboratory Staff - | -Complete hands-on -Adhere to safety and -IDEM 1992a,
Fish or Aquatic training for laboratory SOP procedures 1992e¢, 2004,
Macroinvertebrate | sample processing -Follow Laboratory 2010b, 2010c,
Community methodology prior to Supervisor direction while | 2012a
Sample participation in laboratory processing samples -AIMS I
Processing sample processing -ldentification of fish and | Database User
activities macroinvertebrate Guide
-Annually review relevant specimens collected
safety procedures during field sampling
-Annually review relevant -Completion of laboratory
SOP documents for data sheets, perform
laboratory operations necessary calculations
on data, enter field
sheets
Laboratory -Bachelor of Science -Completion of laboratory | -IDEM 2010b,
Supervisor - Degree in biology or other | data sheets 2010c, 2015a
Water Chemistry, | closely related area -Adherence to safety and | -AIMS I
Algal and/or -Annually review relevant SOP procedures by Database User
Bacteriological safety procedures laboratory staff Guide
Sample -Annually review relevant -Check data for
Processing SOP documents for field completeness
operations -Perform all necessary
calculations on the data
-Ensure that data are
entered into the AIMS
Data Base
-Ensure that required
QA/QC are performed on
the data
-Querying data from
AIMS Il to determine
results not meeting Water
Quality Criteria
Quality -Bachelor of Science in -Ensure adherence to -IDEM 2004,
Assurance Officer | chemistry or a related field | QA/QC requirements of 2012a
of study WAPB QAPP -U.S. EPA 2006
-Evaluate data collected documentation
by sampling crews for on QAPP
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Role Required Responsibilities Training
Training/Experience References

-Familiarity with QA/QC adherence to project development

practices and work plan and data

methodologies -Review data collected by | qualification

-Familiarity with the WAPB | field sampling crews for -AIMS I

QAPP and data completeness and Database User

qualification accuracy Guide

methodologies -Perform a data quality
analysis of data
generated by the project
- Assign data quality
levels based on the data
quality analysis

-Import data into the
AIMS data base
-Ensure that field
sampling methodology
audits are completed
according to WAPB
procedures

Il. MEASUREMENT/DATA ACQUISITION

Sampling Design and Site Locations

Candidate sites were generated through the use of a compiled data set of previously sampled
sites (2003 - 2013) by the WAPB for which biological community data and nutrient data have
been collected (IDEM 2015c). The nutrients/diel D.O. study is a pilot study; thus, it has a limited
number of sites to test biological response to changes in diel D.O. maximum changes. Sites
were selected based on control of environmental factors including:

¢ Limited to sites only in the Corn Belt Plains Ecoregions.

e Limited to only wadeable sites of drainage area between 52 and 2590 km? (20 and 1,000
miles?).

e Limited to only those sites with gradients between the 25" and 75" percentile of the
possibility from all sites in the Assessment Information Management System (AIMS) with
gradient determinations.

e Limited to only those sites in which a fish IBI was calculated with an associated QHEI
score of 53 and greater.

e Clustering sites into bins based on multivariate cluster analysis of potential sites (2003-
2013) based on total phosphorus metric, total nitrogen metric, fish IBI metric and QHEI
metric rankings.

e Seven sites randomly selected from each of four distinct clusters or bins of sites across
the multivariate clusters. (Total 93 sites in the four bins).

Site reconnaissance activities will be conducted in-house and through physical site visits. In-
house activities will include preparation and review of site maps and aerial photographs, initial
evaluation of target or non-target site status, potential access routes and initial property owner
searches. Physical site visits will include property owner consultations, verification of site status
(target or non-target), confirmation and documentation of access routes, and determination of
equipment needed to properly sample the site (Attachment 1). Precise coordinates for each
approved target site will be determined using a Trimble Juno™ SB or Trimble Juno™ 3D
handheld Series Global Positioning System (GPS) with an accuracy of 2-5 meters (IDEM 2015b).
Since all potential sites have been sampled in the past by the WAPB, landowner permission and
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site access will be determined for only up to the first 28 approved potential sites (7 from each of
four bins). Although 8 weeks is the maximum time allotted for site reconnaissance field work (see
Section | on PROJECT MANAGEMENT/PLANNING for site reconnaissance activities, QAPP
ELEMENT A4), most work for this pilot study should be completed in a four week period
(dependent upon weather, driving time to sites, and other unforeseeable constraints such as high
water) during the month of August.

Table 6 lists the final sampling sites generated for the nutrient/diel D.O. pilot study. Target sites
are sampled for water chemistry, algal community and biomass, diel D.O. 7 day continuous data
logs, and diatom, aquatic macroinvertebrate, and fish communities. If a site is considered “non-
target” (dry, backwater, marsh/wetland, etc.) or unavailable to sample for some other reason
(physical barrier, landowner denial, etc.), the next target site on the list will be taken. Figure 4
depicts the final sampling site locations generated for this pilot study and their approximate
locations.

Sampling Methods and Sample Handling

Water Chemistry Sampling

During three discrete monthly sampling events, one team of two staff will collect grab water
chemistry samples and record water chemistry field measurements and physical site descriptions
on the IDEM Stream Sampling Field Data Sheet (Attachment 2). All water chemistry sampling
will adhere to the Water Quality Surveys Section Field Procedure Manual (IDEM 2002). Water
chemistry sampling usually takes 30 minutes to complete for each site, depending on
accessibility.

Algal Sampling

In addition to standard water chemistry sampling, one team of two staff will collect samples for
CHL-a, phaeophytin-a and AFDM from periphyton communities during the second or third round
of water chemistry sampling in August (Table 1). In addition a sample for diatom community
structure identification and enumeration will be collected at each site. Sampling for an average
site that includes all of the above parameters will require approximately 2.5 hours of effort. The
Algal Biomass Lab Datasheet (Attachment 3) and Probabilistic Monitoring Section Physical
Description of Stream Site Form (Attachment 4) will be used to record information regarding
substrates sampled for periphyton and physical parameters of the stream sampling area. See
IDEM 2016e for a description of methods used in algal community sampling.

Samples for CHL-a/phaeophytin-a, and AFDM will be delivered to the USGS Indiana Algal
Biomass Laboratory in Indianapolis and processed within 24 days of collection. Using U.S. EPA
method 445.0, the laboratory will provide measurements for CHL-a, phaeophytin-a and AFDM for
the periphyton samples. Samples for diatom community identification and enumeration will be
delivered to the IDEM OWQ laboratory located at the Western Select Property at 2525 N.
Shadeland Ave, Indianapolis, IN.

Laboratory Procedures for Diatom Identification and Enumeration

See IDEM 2015a for a description of methods used in diatom identification and enumeration.
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Table 6. Final list of 28 sampling sites for the Nutrients/Diel Dissolved Oxygen Pilot Study (seven sites included from each of seven
multivariate cluster bins).
pime | Belusite |order| WO BN | LoSite Code wiersooy | SOMTY [ jocamoy | ATEURE [LONSIERE] yryesst [urmwomts| [ puci [ feeed]

1 Y 1 10 WEF-06-0002 Flatrock River Bartholomew CR 900 N 39.33192521  -85.86121339 598148.4312 4354229.979 16N '05120205050150" Y
5 2 16 WSU040-0020 Sugar Creek Montgomery CR 275 E 40.08778676  -86.85247732 512576.3531 4437511.185 16N '05120110040010" Y
9 3 7 WAWO040-0065 South Fork Wildcat Creek Clinton CR 600 W 40.32092985 -86.61818972 532438.1612 4463448.215 16N '05120107040040" Y
13 4 11 WEMO020-0036 Graham Creek Jennings CR 230S 38.95664167 -85.49456667 630440.8124 4313042.641 16N '05120207020030" Y
21 6 19 WWU100-0106 Fall Creek Henry Mechanicsburg Rd 40.02506028 -85.55712583 623120.5469 4431535.792 16N '05120201100020" Y
25 Y 7 9 WEF-06-0001 Flatrock River Bartholomew CR 400 N 39.260094 -85.92208196 592997.2301 4346193.773 16N '05120205050190" Y
29 8 13 WEU010-0039 Clifty Creek Decatur CR 420 W 39.38764378  -85.55871433 624122.1776 4360786.03 16N '05120206010050" Y
6 2 28 2 WAWO040-0043 South Fork Wildcat Creek Tippecanoe SR 26 40.41806385 -86.76806189 519676.91 4474185.72 16N '05120107040130" Y
10 Y 3 29 2 WAWO040-0080 South Fork Wildcat Creek Clinton W Mulberry-Jefferson Rd 40.329145 -86.647122 529976.4684 4464349.872 16N '05120107040110" Y
14 Y 4 33 2 WDEO050-0025 Deer Creek Carroll Cemetery Rd 40.600487 -86.547286 538302.9685 4494507.344 16N '05120105050080" Y
18 Y 5 35 2 WDEO050-0031 Deer Creek Cass CR 1100 S 40.60804003 -86.37034006 553267.9937 4495437.78 16N '05120105050030" Y
22 Y 6 37 2 WEM-07-0004 Vernon Fork Muscatatuck River Jennings CR25W 38.97467929 -85.6141175 620051.2278 4314880.036 16N '05120207070010" Y
26 7 53 2 WWU100-0064 Fall Creek Madison CR 750 W 39.96432222  -85.81504806 601201.0415 4424469.563 16N '05120201100090 Y
30 8 27 2 WAWO040-0018 South Fork Wildcat Creek Clinton CR 200 N 40.31501966  -86.54371579 538768.7808 4462822.145 16N '05120107040040" Y
3 Y (sub ref.) 1 73 3 WSA010-0012 Little Salamonie River Jay Boundary Pike 40.406944 -84.96137 672985.3421 4474920.927 16N '05120102010040' Y
7 2 65 3 WED-07-0001 Sugar Creek Johnson River Rd 39.36953801 -85.99488726 586580.8145 4358267.656 16N '05120204090080" Y
11 Y 3 67 3 WEM-02-0002 Graham Creek Jennings CR 500 S 38.90637908 -85.60614372 620857.8986 4307310.832 16N '05120207020070" Y
15 4 62 3 WED-03-0001 Brandywine Creek Shelby W 650 N 39.61836716  -85.80054133 602954.5497 4386088.341 16N '05120204040060" Y
19 5 78 3 WWU100-0040 Fall Creek Madison C.R. 650W 39.97086972 -85.796175 602803.1303 4425217.881 16N '05120201100090 Y
23 6 61 3 UMIO30-0044 Carpenter Creek Jasper CR 1300 S 40.82431705 -87.17677482 485093.5584 4519269.914 16N '07120002030070" Y
27 7 71 8] WLV160-0019 Big Raccoon Creek Boone @ CR 500S 39.96679722  -86.68392222 526993.3915 4424119.867 16N '05120108160010" Y

1 95 4 WWU100-0078 Fall Creek Madison Brown St 40.01593861 -85.69206833 611620.3918 4430345.519 16N '05120201100060" Y

2 96 4 WWU100-0098 Fall Creek Henry CR 700 N 40.03376611 -85.54764056 623914.1986 4432515.269 16N '05120201100020 Y
12 3 85 4 LMG-05-0015 Deep River Lake Clay Street 41.44704867 -87.27761876 476810.298 4588422.82 16N '04040001030040" Y
16 4 91 4 WEU010-0040 * Clifty Creek Bartholomew U.S. 31 39.20858111 -85.87337078 597270.997 4340528.058 16N '05120206010160" Y
28 Y 7 89 4 WED-04-0001 Sugar Creek Hancock E CR 1000 N 39.93160872 -85.69904306 611161.705 4420976.626 16N '05120204060020" Y
32 8 86 4 OML060-0019 Laughery Creek Ripley NCR75E 39.16019008 -85.2524487 650986.5188 4336007.599 16N '05090203060110" Y
36 9 93 4 WWU010-0039 * West Fork White River Randolph CR 200 E 39.3869064 -85.55987034 624023.925 4360702.608 16N '05120201010020" Y

*=9dte moved to the bridge on the cross-road listed.
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Figure 4. Map of final 28 sites from a randomized list of the 93 candidate sites. Seven sites
from each of four bins are targeted.
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Fish Community Sampling

Fish community sampling will be performed using various standardized electrofishing
methodologies depending on stream size and site accessibility. Fish assemblage assessments
will be performed in a sampling reach of 15 times the average wetted width, with a minimum
reach of 50 meters and a maximum reach of 500 meters (Simon 1991; Simon and Dufour 1998;
U.S. EPA 1995). An attempt will be made to sample all habitat types available within the sample
reach to ensure adequate representation of the fish community present at the time of the
sampling event. The possible list of electrofishers to be utilized include: the Smith-Root LR-24 or
LR-20B Series backpack electrofishers; the Smith-Root model 1.5KVA electrofishing system; the
Smith-Root model 2.5 Generator Powered Pulsator (GPP) electrofisher with RCB-6B junction box
and rat-tail cathode cable or Midwest Lake Electrofishing Systems (MLES) Infinity Control Box
with MLES junction box and rat-tail cathode cable, assembled in a canoe (if parts of the stream
are not wadeable, the system may require the use of a dropper boom array outfitted in a canoe or
possibly a 12 foot Loweline boat) (IDEM 1992a, 1992b, 1992c, 1992d).

Sample collections during high flow or turbid conditions will be avoided due to 1) low collection
rates which result in non-representative samples and 2) safety considerations for the sampling
team. Sample collection during late autumn will be avoided due to the cooling of water
temperature, which may affect the responsiveness of some species to the electrical field. This
lack of responsiveness can result in samples that are not representative of the stream’s fish
assemblage (Simon 1990; U.S. EPA 1995).

Fish will be collected using dipnets with fiberglass handles and netting of 1/8-inch bag mesh.
Fish collected in the sampling reach will be sorted by species into baskets and/or buckets.
Young-of-the-year fish less than 20 millimeters (mm) total length will not be retained in the
community sample (Simon 1990; U.S. EPA 1995).

For each field taxonomist (generally the crew leader), a complete set of fish vouchers are
retained for any different species encountered during the summer sampling season. Vouchers
may consist of either preserved specimens or digital images. Prior to processing fish specimens
and completion of the fish community datasheet, one to two individuals per new species
encountered will be preserved in 3.7% formaldehyde solution to serve as representative fish
vouchers if the fish specimens can be positively identified and the individuals for preservation are
small enough to fit in a 2000 mL jar. If however, the specimens are too large to preserve, a photo
of key characteristics (e.g., fin shape, size, body coloration, etc.) will be taken for later
examination (IDEM 2016a). Also, prior to sampling, 10% of the sites will be randomly selected for
revisiting and a few representative individuals of all species found at the site will be preserved or
photographed to serve as vouchers. Taxonomic characteristics for possible species encountered
in the basin of interest will be reviewed prior to field work. Fish specimens should also be
preserved if they cannot be positively identified in the field (i.e., those that co-occur like the
Striped and Common Shiners or are difficult to identify when immature), individuals that appear to
be hybrids or have unusual anomalies, as well as dead specimens that are taxonomically
valuable for un-described taxa (e.g., Red Shiner or Jade Darter), life history studies, or research
projects.

Data will be recorded for non-preserved fish on the IDEM Fish Collection Data Sheet (Attachment
5) consisting of the following: number of individuals, minimum and maximum total length (mm),
mass weight in grams (g), and number of individuals with deformities, eroded fins, lesions,
tumors, and other anomalies (DELTSs). Once the data have been recorded, specimens will be
released within the sampling reach from which they were collected. Data will be recorded for
preserved fish specimens following taxonomic identification in the laboratory.

Macroinvertebrate Community Sampling

Aquatic benthic macroinvertebrate samples are collected using a modification of the U.S. EPA
Rapid Bioassessment Protocol multi-habitat (MHAB) approach using a D-frame dip net (Plafkin et
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al. 1989; Barbour et al. 1999; Klemm et al. 1990; IDEM 2010a). The IDEM MHAB approach
(IDEM 2010a) is composed of a 1-minute “kick” sample within a riffle or run (collected by
disturbing one square meter of stream bottom substrate in a riffle or run habitat and collecting the
dislodged macroinvertebrates within the dipnet) and a 50 meter “sweep” sample of shoreline
habitats (collected by disturbing habitats such as emergent vegetation, root wads, coarse
particulate organic matter, depositional zones, logs and sticks and collecting the dislodged
macroinvertebrates within the dipnet). The 50 meter length of riparian corridor that is sampled at
each site will be defined using a tape measure or rangefinder. If the stream is too deep to wade,
a boat will be used to sample the 50 meter zone along the shoreline that has the best available
habitat. The 1-minute “kick” and 50 meter “sweep” samples are combined in a bucket of water
which will be elutriated through a U.S. standard number 35 (500 um) sieve a minimum of five
times so that all rocks, gravel, sand and large pieces of organic debris are removed from the
sample. The remaining sample is then transferred from the sieve to a white plastic tray where the
collector (while still on-site) will conduct a 15-minute pick of macroinvertebrates at a single
organism rate with an effort to pick for maximum organism diversity and relative abundance
through turning and examination of the entire sample in the tray. The resulting picked sample will
be preserved in 70% isopropyl alcohol and returned to the IDEM OWQ laboratory for identification
at the lowest practical taxonomic level (usually genus or species level, if possible) and evaluated
using the MHAB macroinvertebrate IBl. Before leaving the site, an IDEM OWQ
Macroinvertebrate Header Form (Attachment 6) will be completed for the sample.

If time and field conditions permit, three additional macroinvertebrate samples may be collected
at target sites that are also part of the WAPB Reference Sites project (IDEM 2015c) and have not
been previously collected by the methods listed below (IDEM 2014; IDEM 2015c). These
additional samples will include: 1.) the MHAB Remainder — the un-picked remainder of the MHAB
sample, 2.) a Transect Kick — a sample in which a bottom kick net is used to take two 0.25 square
meter kick samples on each of ten transects (for a sample with a total surface area of 5 square
meters) which are equally interspaced along a reach that is equivalent to 15 times the wetted
width of the stream and does not overlap the 50 meter reach used for the MHAB sample, 3.) a
Transect Jab — a sample in which a dipnet is used to collect three sweep samples (30 sweeps
total) on each of the same ten transects used for the Transect Kick samples. None of these
additional samples are processed in the field; instead, the elutriated sample is preserved and
returned to the laboratory for sub-sampling and analysis. The Macroinvertebrate MHAB Sample
Habitat Form (Attachment 7) and Macroinvertebrate Transect Sample Habitat Form (Attachment
8) will be completed for the MHAB Remainder and Transect Kick/Jab samples, respectively.
These samples are a part of ongoing methods comparison and development studies and so are
not a part of this pilot study. An IBI does not currently exist for these samples collection methods,
which will preclude their use for assessment purposes.

Habitat Assessments

Habitat assessments will be completed immediately following macroinvertebrate and fish
community sample collections at each site using a slightly modified version of the Ohio
Environmental Protection Agency (OHEPA) Qualitative Habitat Evaluation Index (QHEI), 2006
edition (Rankin 1995; OHEPA 2006). A separate QHEI (Attachment 7) must be completed for
these two sample types since the sampling reach length may differ (i.e. 50 meters for
macroinvertebrates and between 50 and 500 meters for fish). See IDEM 2016d for a description
of the method used in completing the QHEI.

The percentage of a typical point in the sampling site that is not covered or shaded by woody
bank vegetation, as measured with a spherical densiometer in accordance with the instructions
on the lid of the densiometer or in Appendix 9.3 (IDEM 2016d) is the “percent canopy open.” A
canopy percent open determination will be made at three longitudinal points along the fish
sampling transect including the beginning, middle, and end of the sampling reach. For streams
less than 10 meters wide to the wetted width, each densiometer reading will be made at center
channel. For streams greater than or equal to 10 meters wide to the wetted width, three
densiometer readings will be taken in cross-section to the stream including at the right
descending bank (RDB), center channel, and left descending bank (LDB). A single densiometer
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reading consists of four measurements; 1) looking downstream, 2) looking upstream, 3) facing
RDB, and 4) facing LDB. All four of these measures for a densiometer reading are to be
recorded on the QHEI form for each point in the stream reach where a densiometer reading
occurs. Percent canopy open measures for the macroinvertebrate QHEI will occur as normal for
that sampling effort.

A measure of the angle (degrees) from center channel to the top of the canopy along each bank
at each transect where densiometer reading is measured will be taken using a Suunto PM-5
Clinometer (Appendix 4). The sum of the two measured angles at each transect point are
subtracted from 180 and averaged for the three observation points to yield a “degree of open arc”
measure to compliment the densitometer “canopy openness” measure.

Field Parameter Measurements

Dissolved oxygen, pH, water temperature, specific conductance, and D.O. percent saturation will
be measured with a data sonde during each sampling event or site visit regardless of the sample
type being collected. This includes during each water quality sampling event, the deployment
and the retrieval of the D.O. data loggers, fish and macroinvertebrate community assessments,
and during the collection of diatom and CHL-a samples. Measurement procedures and operation
of the data sonde shall be performed according to the manufacturers’ manuals (Hydrolab
Corporation 2002; YSI 2002) and Sections 2.10-2.13 of the Water Quality Surveys Section Field
Procedure Manual (IDEM 2002, pp 67-79). Turbidity will be measured with a Hach turbidity Kkit,
and the meter number written in the comments under the field parameter measurements. If a
Hach turbidity kit is not available, the data sonde measurement for turbidity will be recorded. All
field parameter measurements and weather codes will be recorded on the IDEM Stream
Sampling Field Data Sheet (Attachment 2) with other sampling observations. A digital photo will
also be taken upstream and downstream of the site during each sampling event (IDEM 2016d).

Dissolved Oxygen Continuous Data Logger Measurements

Within 30 days (ideally within 7 to 14 days) prior to biological community and algal biomass
collections, an Onset Hobo® U26-001 D.O. data logger will be deployed in a representative
location within the targeted stream segment to record D.O. measures at no less than 15 minute
intervals for no less than 7 consecutive days (Appendices 3 and 4). A programmed and
calibrated data logger will be attached to a 16x4x8 cinder block, post, or other securing device
dependent on the particular conditions observed at the stream sampling site and placed in a calm
glide portion of the stream segment with a water depth of between 0.3 and 1.0 meters. The data
logger is not to be placed directly below a riffle, a turbulent run, or in a deep pool. The cross-
sectional location to the channel for placement should be near the center if possible. GPS
coordinates point of the exact placement will be collected using a Trimble Juno™ SB or Trimble
Juno™ 3D handheld Series Global Positioning System (GPS) with an accuracy of 2-5 meters
(IDEM 2015b). At least one photograph/digital image will be taken of this placement point in
relation to the stream reach to document location and stream flow conditions to the extent
possible in a photograph. In-situ water quality measurements will be recorded at the time of each
data logger deployment. Upon retrieval of the D.O. data logger all data will be off-loaded to a
Hobo U-DTW-1 Waterproof shuttle. Once data are off-loaded the data logger will be returned to
the WAPB calibration room at the Western Select Property IDEM OWQ laboratory and prepared
(programmed and calibrated) for redeployment at another location. In-situ water quality
measurement will also be recorded during the retrieval of each D.O. data logger.

Analytical Methods

Table 7 lists the field parameters with their respective test method and IDEM quantification limits.
Table 8 lists the algal parameters with test method and USGS quantification limits. Table 9 lists
water chemistry sample container, preservative, and holding time requirements (all samples iced
to 4 Degrees Celsius °C). Table 10 lists numerous parameters (priority metals, anions/physical,
and nutrients/organic) with their respective test methods, IDEM reporting limits, and contract
laboratory reporting limits. The IDEM OWQ Chain of Custody Form (Attachment 8) and the 2017
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Water Sample Analysis Request Form (Attachment 9) accompanies each sample set through the
analytical process.

Diatom samples will be collected in the field according to protocols described in IDEM 2016e. See
Appendix 4 in IDEM 2015a for a list of taxonomic references used in diatom identification and
enumeration.

Quality Control and Custody Requirements

Quality assurance protocols will follow part B5 of the WAPB QAPP (IDEM 2004, p 119).

Water Chemistry Data

Sample bottles and preservatives certified for purity will be used. Sample collection procedures,
including: the container and preservative used for each parameter and holding times will adhere
to U.S. EPA requirements for water chemistry testing (see Table 9). Field duplicates and matrix
spike/matrix spike duplicates (MS/MSD) shall be collected at the rate of one per sample analysis
set or one per every 20 samples, whichever is greater. Additionally, field blank samples using
American Society for Testing and Materials (ASTM) D1193-91 Type | water (ASTM 2011) will be
taken at a rate of one set per sampling crew for each week of sampling activity. All samples
collected for nutrient chemistry will be processed by the Indiana State Department of Health. All
sites identified for samples with metals analysis will be processed by Pace Analytical Services,
Inc. (Indianapolis, Indiana) following the specifications set forth in Request for Proposals 16-074
(IDEM 2016f).

Table 7. Field Parameters showing method and IDEM quantification limit.

Parameters Method . I.DEM .
(SM=Standard Method) Quantification Limit

Dissolved Oxygen (data sonde optical) |ASTM D888-12 0.05 mg/L
Dissolved Oxygen (data sonde) SM 4500-0G 0.03 mg/L
Dissolved Oxygen (Winkler Titration) SM 4500-0C 2 0.20 mg/L
Dissolved Oxyggn % Saturation ASTM D888-09 0.05 %
(data sonde optical)
Dissolved Oxygen % Saturation SM 4500-0G 0.01 %
(data sonde)
pH (data sonde) U.S. EPA 150.2 0.10 S.U.
pH (field pH meter) SM 4500H-B 2 0.10 S.U.
Specific Conductance (data sonde) SM 2510B 1.00 ymhos/cm
Temperature (data sonde) SM 2550B(2) 0.1 Degrees Celsius (°C)
Temperature (field meter) SM 2550B(2) 2 0.1 Degrees Celsius (°C)
Turbidity (data sonde) SM 2130B 0.02 NTU 3
Turbidity (Hach™ turbidity kit) U.S. EPA 180.1 0.05 NTU 3

11 MPN (Most Probable Number) = 1 CFU (Colony Forming Unit)

2 Method used for Field Calibration Check
3 NTU = Nephelometric Turbidity Unit(s)

Table 8. Algal Parameters showing method and USGS quantification limit.

Algal Parameter

Method

USGS

Quantification Limit

Ash Free Dry Mass SM10200I(5) 36 g/m?
Periphyton CHL-a U.S. EPA 445.0 0.30 pg/m?
Periphyton Phaeophytin-a U.S. EPA 445.0 0.30 pg/m?
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Table 9. Water Chemistry Sample Container, Preservative, and Holding Time
Requirements.!

Parameter Container Preservative Holding Time
LAlkalinity as CaCOs* 1L, plastic, narrow mouth | None 14 days
ZAmmonia-N** 1L, plastic, narrow mouth | H.SO4<pH 2 | 28 days
Biological Oxygen Demand 1L, plastic, narrow mouth | Ice 48 hours
Chloride* 1L, plastic, narrow mouth | None 28 days
Chemical Oxygen Demand** | 1 L, plastic, narrow mouth | H2SO4 < pH 2 | 28 days
Hardness (as CaCOz3*) 1L, plastic, narrow mouth | HNOz < pH 2 6 months
Calculated
Metals (Total & Dissolved) 1L, plastic, narrow mouth | HNO3z < pH 2 6 months
Nitrate + Nitrite-N** 1L, plastic, narrow mouth | H.SO4 <pH 2 | 28 days
Total Phosphorus** 1L, plastic, narrow mouth | HoSO4 <pH 2 | 28 days
Ortho-Phosphate** 1L, plastic, narrow mouth | HoSO4 <pH 2 | 48 hours
Solids (All Forms)* 1L, plastic, narrow mouth | None 7 days
Sulfate* 1L, plastic, narrow mouth | None 28 days
Total Kjeldahl Nitrogen** 1L, plastic, narrow mouth | H.SO4 <pH 2 | 28 days
Total Organic Carbon** 1L, plastic, narrow mouth | Ho.SO4 <pH 2 | 28 days

1All samples iced to 4°C

2General chemistry includes all parameters noted with an *
SNutrients include all parameters noted with a **

31




Nutrients/Diel Dissolved Oxygen Pilot Study Work Plan
B-033-OWQ -WAP-PRB-17-W-R0

April 28, 2017
Table 10. Water Chemistry Parameters with Test Method and Laboratory Reporting Limits.
Priority Metals Anions/Physical
IDEM Pace Lab IDEM. Pace Lab
Parameter Total Dissolved Method Reporting  Reporting Limit Parameter Method Reporting Limit  Reporting Limit
Limit (Hg/L) (ba/L) (mg/L) (mg/L)
Aluminum (total and dissolved) X X U.S. EPA 200.7 150 20 Alkalinity (as CaCO;) U.S. EPA 310.2 10 10
Antimony X X U.S. EPA 200.8 1 0.5 Total Solids SM 2540B 1 10
Arsenic X X U.S. EPA 200.8 5 25 Total Suspended Solids SM 2540D 1 1
Calcium X X U.S. EPA 200.7 40 40 Dissolved Solids SM 2540C 10 10
Cadmium X X U.S. EPA 200.8 2 1 Sulfate U.S. EPA 300.0 0.05 0.35
Chromium X X U.S. EPA 200.8 3 15 Chloride U.S. EPA 300.0 1 1
Copper X X U.S. EPA 200.8 2 1 Hardness (as CaCO3) SM 2340B 0.4 1
Lead X X U.S. EPA 200.8 2 1
Magnesium X U.S. EPA 200.7 95 100 Nutrients/Organics
IDEM ISDH Lab
Nickel X X 15 0.75 Parameter Method Reporting Limit  Reporting Limit
U.S. EPA 200.8 (mg/L) (mg/L)
Selenium X X U.S. EPA 200.8 4 2 COD SM5220D 3 10
Silver X X U.S. EPA 200.8 0.3 0.3 Nitrogen, Ammonia EPA 350.1 0.01 0.1
Zinc X X U.S. EPA 200.8 6 6 Nitrogen, Nitrate+Nitrite EPA 353.1 0.01 0.1
Org=Organic Phosphorus, Total EPA 365.1 0.01 0.03
ortho-phosphorus EPA 365.3 0.006 0.006
SM= Standard Methods for the Analysis of Drinking Water and Wastewater TBODs SM5210B 2 2
TKN=Total Keldahl Nitrogen TKN  EPA 351.2 0.1 0.3
U.S BPA=Unites Sates Environmental Protection Agency TOC SM5310B 1 1
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Algal Community Data

Excessive algal conditions will be recorded by staff if an algal bloom is observed on the water’s
surface or in the water column. Staff are not calibrated on this rating (i.e. the decision as to the
severity of the bloom is based on best professional judgment), but an algal mat on the surface of
the water or a bloom that gives the water the appearance of green paint would be justification for
a decision of excessive algal conditions. To decrease the potential for cross contamination and
bias of the algal samples, all equipment that has come in contact with the sample will be cleaned
with detergent and rinsed with ASTM D1193-91 Type Il water after sampling has been completed
at a given site. All sample labels must be accurately and thoroughly completed, including AIMS I
sample numbers, date, stream name, and sampling location. Chain of Custody forms will be
completed in the field to document the collection and transfer of samples to the laboratory. Upon
arrival to the laboratory, samples will be checked in by the laboratory manager. For the diatom
samples, there will be another Chain of Custody form to document when the sample is removed
from storage to be processed and made into a permanent mount.

Methods and quantification limits for CHL-a and phaeophytin-a are listed in Table 8. All samples
collected for chlorophyll a and phaeophytin-a determination will be processed by the USGS
Indiana Algal Biomass Laboratory (Indianapolis, Indiana) following the specifications set in Joint
Funding Agreement (IDEM 2017 - DRAFT contract). Blank filters will be run for periphyton
chlorophyll a. All CHL-a filters will be processed in quadruplicate for QC purposes (four filters are
processed from the same sample). Ten percent of these replicate field samples will be analyzed
at the USGS National Water Quality Laboratory in Arvada, Colorado.

Quiality control of the diatom sampling, enumeration, and identification project will be documented
by QC checks of both field and laboratory data. See IDEM 2015a for description of quality
assurance/ quality control protocols used in Diatom Identification and Enumeration. Ten percent
of diatom samples will be verified by the Department of Biological and Environmental Sciences of
Georgia College and State University (Milledgeville, Georgia), or other entity determined to be
recognized as an expert in diatom taxonomy, following the specifications set forth in IDEM 2015a.

Fish Community Data

Replicate fish community sampling will be performed at a rate of 10 percent of the total fish
community sites sampled or approximately 3 of the final target sites (IDEM 1992a; U.S. EPA
1995). Replicate sampling will be performed with at least 2 weeks of recovery between the initial
and replicate sampling events. The fish community replicate sampling and habitat assessment
will be performed with either a partial or complete change in field team members (U.S. EPA 1994;
U.S. EPA 1995). The resulting IBl and QHEI total score between the initial visit and the revisit will
be used to evaluate precision. The IDEM OWQ Chain of Custody Form is used to track samples
from the field to the laboratory (Attachment 8). Fish taxonomic identifications made by IDEM staff
in the laboratory may be verified by regionally recognized non-IDEM freshwater fish taxonomists
(e.g., Brant Fisher, Nongame Aquatic Biologist, Indiana DNR). All raw data are: 1) checked for
completeness; 2) utilized to calculate derived data (i.e. total weight of all specimens of a taxon),
which is entered into the AIMS Il database; and 3) checked again for data entry errors.

Macroinvertebrate Community Data

Duplicate macroinvertebrate field samples will be collected at a rate of 10 percent of the total
macroinvertebrate community sites sampled or approximately 3 of the final target sites. The
macroinvertebrate community duplicate sample and habitat assessment will be performed by the
same team member who performed the original sample, immediately after the initial sample is
collected, from an adjacent reach of the stream that does not overlap the reach used for the
original MHAB sample. This will result in a precision evaluation based on a 10% duplication of
samples collected. The IDEM OWQ Chain of Custody Form is used to track samples from the
field to the laboratory (Attachment 8). Laboratory identifications and QA/QC of taxonomic work is
maintained by the laboratory supervisor of the Probabilistic Monitoring Section of IDEM.
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Field Parameter Measurements/Instrument Testing/Calibration

The data sonde will be calibrated immediately prior to each week’s sampling (IDEM 2002). The
D.O. component of the calibration procedure will be conducted using the air calibration method.
Calibration results and drift values will be recorded, maintained, stored, and archived in the
calibration laboratories at the Shadeland facility. The drift value is the difference between two
successive calibrations. Field parameter calibrations will conform to the procedures described in
the instrument users manuals (Hydrolab Corporation 2002; YSI 2002). The unit will be field
checked for accuracy once during the week by comparison with a Winkler D.O. test (IDEM 2002,
page 64), as well as Hach turbidity, pH and temperature meters. Weekly field calibration records
will be recorded in the field calibrations portion of Attachment 2 and entered into the AIMS I
database. A Winkler D.O. test will also be conducted in the field at sites where the D.O.
concentration is 4.0 mg/L or less.

The Onset Hobo® U26-001 D.O. data loggers utilize optical D.O. measure technology specified in
ASTM D888-12 (ASTM 2012). Calibration and maintenance of these units will follow the
manufacturers procedures listed in the “HOBO® Dissolved Oxygen Logger (U26-001) Manual’
found in Appendix 2 of this document.

Field Analysis Data

In-situ water chemistry field data are collected in the field using calibrated or standardized
equipment. Calculations may be done in the field or later at the office. Analytical results, which
have limited QC checks, are included in this category. Detection limits and ranges have been set
for each analysis. Quality control checks are performed on information for field or laboratory
results to estimate precision, accuracy, and completeness for the project as described in the
WAPB QAPP (IDEM 2004) Section C1.1 on page 124.

Algal Community Data

Equipment required for the collection of periphyton include: a toothbrush, cloth measuring tape,
petri dish top, spatula, stencil brush, small hobby knife with a chisel blade, a dissection probe, a
modified syringe with a rubber o-ring attached, Nalgene HDPE plastic 250 mL sample bottles,
plastic bins, and a unitary wash bottle filled with tap water. None of this equipment requires
calibration. Equipment has been field tested to ensure its capability of appropriately removing
periphyton from different types of substrate (rocks, sticks, and sand/silt).

Laboratory equipment that will be used for the preparation of permanent diatom mounts include:
hot plate, fume hood, centrifuge, glass beakers, centrifuge tubes, glass microscope slides,
microscope cover glasses, micropipette, and micropipette tips. The micropipette was purchased
new and came with a calibration certificate as proof that it was calibrated at the factory. Other
than the micropipette, none of the laboratory equipment requires calibration. The micropipette will
be checked and recalibrated as necessary according to manufacturer’s specifications.

A Nikon Eclipse 80i Normarski Differential Interference Contrast (DIC) microscope equipped with
a 100X oil immersion Plan Apochromatic objective and Nikon Elements D camera/imaging
system will be used for identification and enumeration of diatoms. Branch staff calibrated the
ocular reticle in the microscope. The ocular reticle was calibrated at each magnification with a
stage micrometer. The calibration should be checked again if the microscope is moved to a new
location.
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IILASSESSMENT/OVERSIGHT

Field and laboratory performance and system audits will be conducted to ensure good quality
data. The field and laboratory performance checks include precision measurements by relative
percent difference (RPD) of field and laboratory duplicate (IDEM 2004, pp. 41, 45-46), accuracy
measurements by percent of recovery of matrix spike and matrix spike duplicate (MS/MSD)
samples analyzed in the laboratory (IDEM 2004, pp. 43, 45-46), and completeness
measurements by the percent of planned samples that are actually collected, analyzed, reported,
and usable for the project (IDEM 2004, p. 43).

Field audits will be conducted to ensure that sampling activities adhere to approved SOPs.

Audits are systematically conducted by WAPB Quality Assurance staff to include all WAPB
personnel that engage in field sampling activities. WAPB field staff involved with sample
collection and preparation will be evaluated by QA staff trained in the associated sampling SOPs,
and in the processes related to conducting an audit. QA staff will produce an evaluation report
documenting each audit for review by those field staff audited, as well as WAPB management.
Corrective actions will be communicated to, and implemented by, field staff as a result of the audit
process (IDEM 2004, p. 126).

Data Quality Assessment Levels

The samples and various types of data collected by this program are intended to meet the quality
assurance criteria and rated DQA Level 3, as described in the WAPB QAPP (IDEM 2004, pp.
128-129).

IV. DATA VALIDATION AND USABILITY

Quiality assurance reports to management and data validation and usability are also important
components of the QAPP which ensures good quality data for this project. A quality assurance
audit report will be submitted to the QA Manager and Project Manager for review for this project
should problems arise and need to be investigated and corrected. Data are reduced (converted
from raw analytical data into final results in proper reporting units), validated (qualified based on
the performance of field and laboratory QC measures incorporated into the sampling and analysis
procedures), and reported (described so as to completely document the calibration, analysis, QC
measures, and calculations). These steps allow users to assess the data to ensure it meets the
project data quality objectives.

Quality Assurance/Data Qualifiers and Flags

The various data qualifiers and flags that will be used for quality assurance and validation of the
data are found on pages 130-131 of the WAPB QAPP (IDEM 2004).

Data Usability

The environmental data collected and its usability are qualified per each lab and/or field result
obtained and classified into one or more of the four categories: Acceptable Data, Enforcement
Capable Results, Estimated Data, and Rejected Data as described on page 130 of the WAPB
QAPP (IDEM 2004).

Information, Data, and Reports
Data collected in 2017 for this pilot study will be recorded in the Office of Water Quality AIMS Il
database. Data not capable of being stored in the AIMS |l database at this time (e.g. D.O.

continuous log data, and multiple transect densiometer readings) will be entered and stored in an
Excel Spreadsheet environment. All data will be compiled into Excel electronic formats and
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submitted to U.S. EPA Region 5 in partial fulfillment of FFY16 Grant #196555712. A status report
will also be submitted to U.S. EPA Region 5 for the partial fulfillment of this Grant. Data
summaries will be compiled into three summary packages:

1. The first summary will be a general compilation of field and water chemistry data including
diel D.O. data logger results (December 2017).

2. The second summary will be in database report format containing biological results and
habitat evaluations (March 2018).

3. The third summary will include diatom species taxa names and enumerations, and CHL-
a/phaeophytin-a results (October 2018).

All data will be subjected to data reduction, statistical analysis, assessment, and data sharing. An
internal IDEM OWQ report that further traces the steps from nutrients to periphyton (as CHL-a),
from periphyton to D.O., and from D.O. to macroinvertebrates and fish community response will
be produced. Results of this study will be presented to IDEM OWQ management as a further
decision tool on developing a more robust sampling effort toward the development of phosphorus
and nitrogen threshold criteria, based on multiple response variables, for Indiana’s rivers and
streams.

All data and reports will be made available to public and private entities which may find the data
useful for municipal, industrial, agricultural, and recreational decision making processes (TMDL,
NPDES permit modeling, Watershed Restoration Projects, Water Quality Criteria refinement,
Water Quality Assessments, etc.).

Laboratory and Estimated Cost

Laboratory analysis and data reporting for this pilot study will comply with the QAPP for Indiana
Surface Water Quality Monitoring and TMDL Program (IDEM/100/29/338/073/2004, see IDEM
2004), Request For Proposals 16-074 (see IDEM 2016f), and the Office of Water Quality
Assessment Branch Quality Management Plan (B-001-OWQ-A-00-08-R00, see IDEM 2012).
Analytical tests on the water chemistry parameters outlined in Table 11 will be performed by Pace
Analytical Services in Indianapolis, Indiana and or by the ISDH Water Laboratory. Accreditation
related to Pace Indy is included as Appendix 1. Algal samples will be collected by IDEM staff.
CHL-a, phaeophytin-a, and AFDM will be analyzed by the USGS Indiana Algal Biomass
Laboratory in Indianapolis, Indiana. Diatom identification and enumeration will be performed by
IDEM staff and/or an outside contractor. The Department of Biological and Environmental
Sciences, Georgia College and State University, o other recognized expert in diatom taxonomy,
will verify diatom taxa from ten percent of the sites sampled. All fish and macroinvertebrate
samples will be collected, identified and enumerated by IDEM staff. The anticipated budget for
laboratory cost for the project is outlined in Table 11.
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Table 11. Total Estimated Laboratory Cost for the Project.

Reference Sites 27 12 0 BOD, Ophos ISDH $ 39.05 $ 95850 $ 1,054.35
27 12 0 NXx ISDH $ 112.75 $ 2,767.50 $ 3,044.25
27 12 12 Gc, Mt, D Pace $ 447.09 $10,974.00 $ 12,071.40
$ R
19 Other Sites 57 12 12 GC, Nx ISDH $ 266.75 $13,822.50 $ 15,204.75
57 12 12 BOD, Ophos ISDH $ 50.40 $ 2,611.50 $ 2,872.65
chl-A r r
USGS parameters 28 12 /Pheophyton, USGS $  367.46 $10,288.88 $ 10,288.88
AFDM
Totals $41,422.88 ' $ 44,536.28
ISDH - Lab Account ISDH $ 18,249.00
ISDH - Supplemental 106 ISDH "$ 3,927.00
Pace - Lab Account Pace "$ 12,071.40
USGS - Supplemental 106 USGS "$ 10,288.88
Totals "$ 44,536.28
Total Lab Account Pace "$ 12,071.40
ISDH Services at no additional costs ISDH $ -
Total Supplemental 106 ISDH/USGS "$ 14,215.88
Total laboratory Expenditures "$ 26,287.28

No additional QA QCfor reference site samples sent to 1SDH since they are included with the other samples collected.

Table 12. Total Estimated Water Sample Bottles Needed.
Pace Bottle Order:

Bottles: Blank MS/MSD Normal DUP Totals Preserv CS
Ice or None 12 36 30 12 90 0
H;SO4 0 0 0 0 0 0
HNO3 24 24 30 36 114 4.75
NaOH 0 0 0 0 0 0
Totals: 36 60 60 48 204 17

# Samples: 12 12 15 12 51

ISDH Bottles - All Sites (84 Events)

Bottles: Blank MS/MSD Normal DUP Totals Preserv CS
Ice or None 24 60 144 24 252 0
H,SO4 24 36 144 24 228 9.5
HNO3 12 12 72 12 108 4.5
NaOH 0 0 0 0 0 0
Totals: 60 108 360 60 588 49

# Samples: 12 12 72 12 108

Bottle Costs 49*40 $1,960.00

HNO3 5*$69 345

Total $2,305.00
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Table 13. Personnel Safety and Reference Manuals.
Role Required Training References Training Notes
Training/Experience
All Staff that -Basic First Aid and -A minimum of 4 hours | -Staff lacking 4
Participate in Field | Cardio-Pulmonary of in-service training hours of in-service
Activities Resuscitation (CPR) provided by WAPB training or
(IDEM 2010b) appropriate
certification will be
accompanied in the
field at all times by
WAPB staff that
meet Health and
Safety Training
requirements
-Personal Protective -IDEM 2008
Equipment (PPE) Policy
-Personal Flotation -February 29, 2000
Devices (PFD) WAPB internal
memorandum
regarding use of -When working on
approved PFDs boundary waters as

defined by Indiana
Code (IC) 14-8-2-27
or between sunset
and sunrise on any
waters of the state,
all personnel in the
watercraft must
wear a high
intensity whistle and
Safety of Life at Sea
(SOLAS) certified
strobe light.
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Attachment 1. IDEM OWQ-WAPB Site Reconnaissance Form.

[ ': g ! 1 Site Reconnaissance Form EPA St idorailer | Raak
Recon £:

Trip &
o wumper: |  swsam: | [ coumy: [
Locamon Descripron: | |

[ Reconnaissance Data Collscred | | Landowner/Conact informanon |

Recon Daw Crew Members First Name Last Name
I [ | | | | | |
Avg. Wiamh Sweer A
m) Avg. Depth {m)  Max. Depth (m)  Nearast Town
| I [ I ] |
Warer Riffia/Run Road/Pubiic
Presenry  Sie Wadeable? Prasent? Access Possibie? Cry Saw  2p
] o =] m [ N | |
SieImpacwa®¥  Collect Sedmenr?  Gauge Present? Telephone E-Mail Address
o ] a [ [ | |
Pamphiet Please Call in Resuls
Dismbuted? Advance? Requested?
(m | | m|

[ Ranng. Resuls. Comments. and Planning |
Sie Raung By Catgory
(1=sasy, 10=aMcuR) Reconnaissanca Decision Equipment Selected Circie Equipment

Access Route
Backpack
Boar

—— Tombarge
— Longhne

Scanoe
Same

Sampimg Effort Weighmd Handiine
Waders
Gill Net

Commens

Skerch of Stream & Acoass Roue — Indicate Flow, Direcion, Obsi2cles, & Land Use (Use Back of Pags, If Necessary)
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Attachment 2. IDEM OWQ-WAPB Stream Sampling Field Data Sheet.

= . . i SelE EPA Sie ID__ | Rank
| ) = I'I ! Stream Sampling Field Data Sheet 4|—
Sampie £ Sime # Sampia Medirm Sample Type Duplicare Sampie &
Siream Nams: | | mvar snite: | Couny: |
i Dascripion: |
ater
Survey Sampids Collactors Sampis Collsctsd | yyarotan = wiater Flow | Flow aquatic
Crew Chisf| q 2 3 4 Date Time # mpn"mz’mm fciisec) | Estimated? el I
O O O
Sample Taken? Allquots ‘Water Flow Type ‘Waler Appearance Canopy Closed %
ImET Use;frozen |11 2 [z Tla [Urme oy Ll cingrant [L] clear loren Dlamesn Loz Llessew
I mo; 2dream Dry OO wo;oiner |Je O 12024 |OPoet O Rwn Oficod [Omuky Oblask Dother | mges O se10
] Mi; Owmisr refucsd Acoess dag Oy Oazriow |[Jonde COeday Dother |Oerown O Gray (eptodswage) | o0-s0%
Spacial
Hotes:
FEield Data:
Date  [24-r ime| D0 pH water [ Spac Cond [ Turblaity | . . [Cionine| Chionas Weather Codes |
[midlyy) | [ihcmm) | [mgi) Tamp (°C) | fuetenciom) | {NTL) [mgn) {mgi) (mgm SC [WDIWS [AT
Comments
| [ ] | | | | | | I T 1T 1
Comments
| [ | | | | | | I 1 1 1
Comments
| [ ] | | | | | | [ 1 1 1
Comments
| [ ] | | | | | | I T 1T 1
Comments
| [ ] | | | | | | I T 1T 1
Comments
= = Min Mster Messuresent Weather Code Definitions
Miaasursment | = > Max Meter Measurement
Flags E  Estmaisd {S== Commenss) sC WD W5 AT
R Fejeced (Ses Comments) Sky Condifions Wind Direction | Wind Strength| 2ir Temp
. . . [ Horh [0 degrees) | Deam =
Field Calibrations: 2 Beatiered :E naEm-:slmn:gnu:- 1 Light ;333-35
Taia Time | C-aliorator Talbrations IParty | 90:Eiest | 15 South (180 degrees) | 2 ModLight 34650
[miclyy) | (nh-mm) | intisls ["Type | weterz | vaioe | Units | o TSt ETO R | ot ateeg | 5 7eas
& Fog 5 Srong =88
7 Enower & Gais
callbration E“G
TVP8 |rusiony |
PreservativesiBottle |ots: | Groupe: Pressnvatives Bottle Types
Group: Pressrvative | Pressrvative Lot # | Bothie Type | Botte Lot 2 Chemizty: ice mﬁ mt::amm
P ——— E: Piastc, Namw Mout
CM  [Cyanide: M3OH P Piastc, Mamw Mout
e |oil & Grease: KIS0 D00G (1DDOML Gimss, Namow Mouth
owics Tawics: Ice Giass, Wide Mouth
| [Baceraiogy: ke booe Giass, Wide Mouth
0A [voltie Crganics: HCI & Thiosultsss (125G H2Sel Giass, Wide Mouth
Pesticides: o= e Gass Val
Phenols: HZS04 li20P8 |z0mi Pasic (Backeria Oniy)
ment: kce 1000FF HiooomL Flasic, Coming Fiter
- Thiosultats = Plasic, Coming Flker
Iercury{ 15311 HC! Plastic
ChromiumIC1E36): Maos Tefon
ety Mercuryi 1630} HC! E; Tefon
257 fi25ml Tefon
QC1:

Diata Entersd By:
Qo Siream Sampiing Field Data Sheet
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Attachment 3. IDEM OWQ-WAPB Algal Biomass Lab Data Sheet.
] j -
| =N Algal Biomass Lab Datasheet
Sample # Site Stream
Supporting Sibe Information
Traditional Forestry % Closed Canopy. [ <=10m [0 >10m {Msaasure canter only I widih <=10m, record to nesrest whole percent)
Horf East South West HAverage x 1.04 =
Left Bank
Center
Fight Eank
Total %CT (Average from above, or Center only = %CC) 100 - %CC
Phytoplankton information
Sampling Method: O Grad Sample (Dip) O Multiple Vertickes Humber of Verticles:
Chiorphyll & Blank Filter 1 Flter 2 Filter 3 Filter 4
Sample Time
Fampie Violume (mL}
Pariphyton Information
Periphyion Habitat O Epiithic jArea-Scape) O Epidendric [Cylinder Serape) (] Epipsamimic (Petrl Dish)
Diabom Sampile Colleciad: Oves Mo Diabom Voluma:  mL Farmalin Volume:  mL Slumy Volume  mL
Chilorphyll & Blank Filter 1 Filber 2 Fliter 3 Fliter 4
Sample Time
Sampie Violume {mL}
Periphyton Area Calculation
Cylinder Scrape Area Scraps (Lsing 5G-32)
Lengin Circumferencs — Rocks 1 2 3 4 5
Snag#  jemjL) Uy Uz Uy u Lo Area (o) 738 | 738 | 7.3 7.38 7.38
1 Total {em?) 36.9
2
3 Patrl Dish
4 Musmber of Discrede Samples
= Total Area of One Sampler (&) 19,01 cme
Total Area (o) Total Sampie Anea(n " ak
Stream Macharge [ Rainfall information
Mearest USGS Gage Site: [ Upsiream O Downstream [ Mo USGS Gage Mear
Fiver milas from slte: Discharge CFS at sampiing:  CFS
Gage location: Discharge days since S0% fow excesdad”  days
Rainfall data sounce: O MOAA O CoCoRaHs [ indlana State Climate OMee O USGS gage @in gauge [ Other:
Total precipitation at sampling:  In. on dabs: Cumulative rain 7 days previous to sampling:  in.
Inches since last r@infall previous fo sampling. I
Fain station locafion, county: Days since |ast raintal previous o samping:  days
Identiner Date Ravigwsr 1 Date Reviewsr 2 Date Motea:
O Review 1 Completed O Review 2 Complated
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Attachment 4. IDEM OWQ-WAPB Physical Description of Stream Site Form

(front).

Bevised 42012

Probabilistic Monitoring Section Physical Description of Stream Site

Stream :

ATMS # Program #:

Date: Time:

Crew Chief: Crew

General Stream Description:

Characteristics at the site and immediately upstream (check All that apply).

Outer Riparian Fone Inner Riparian Fone L Width(m) E Width({m)
LR LE
0O O Agricultural Row crop O O Agncultural Eowcrop
0O O Agricultural Pasture 0O O Agnicultural Pasture
0O O Devoid of Vegetation 0 O Deveid of Vegetation
O o Fallow O o Fallow
O O Forested O O Forest
O O Residential O O Besidential
0 O Commercial Tndustrial O O Commercial Tndustrial
O O Weeds and Scrub O O Treeline
O g Other O O Weeds and Scrub
0 O Other
Flow above site Flow at site Substrate (if visable)
01 Riffle O Riffle 00 Cobble
O Pool 0 Pool O Boulder
0O Eddy 0O Eddy O Sand
O Fim O Fum 00 Muck
0 Ghde O Ghde 0O Salt
0 Other 00 Other 00 Gravel
0 Bedrock
0 Other

Characteristics at site and immediately upstream (check ONE).

Water Description
O Clear

O Grey (Sephc)

O Murky

0 Black

O Browm

O Green

O Other

Continued on back

Sinuosity of Channel Discharge Pipe Present
O High ONo
O Moderate OYes
O Low If yes, Effluent Flowing?
00 Channehized O No

O Yes

Description of Effluent
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Attachment 4. IDEM OWQ-WAPB Physical Description of Stream Site Form
(back).

Pevised 420012

Stream Bank

Functional Slope: Bank FErosion: Percent Canopy Closed:

LE LR

oo 0-30° 00 Low Stream Stage 1-5 (Low-High):

oo 31-30° OO Moderate

oo 51-70° OO High Velocity of Stream 1-5 (Slow-Fast):
Oo 71-80°

Visible Stream Degradation? O Yes g No

Description:

Aquatic Life Observed? 0 Yes O No

Description:

Algae Observed? O Yes O No

Description:

Rooted Macrophytes Observed? O Yes O No

Description:

Additional Comments:

Follow Up Date: Time: Crew Chief: Crew:
Follow Up Date: Time: Crew Chief: Crew:
Photography Date: Time: Mumber(s): : :

Notes (include items relevant for determining scale — items of known measurement, etc.)
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Attachment 5. IDEM OWQ-WAPB Fish Collection Data Sheet (front).

IDEM
OWOQ-WATERSHED ASSESSMEMNT AND PLAMNING BRANCH
Event ID_ Voucher jars Unknown jars Equipment Page of
Voltage Time fished (sec) Distance fished (m) Max. depth (m) Avg. depth {m)
Avg. width (m) Bridge in reach Is reach representative If no, why
Elapsed time at site (hh:mm) : Comments
Museum data: Initials ID date Jar count Fish Total__

Coding for Anomalies: D - deformities E-eroded fins L- lesions T-tumor M - multiple DELT anomalies O - other [A - anchor worm C - leeches
W = swirled scales ¥ - popeye 5 -emacdiated F-fungus P - parasites) H - heavy L= light (these codes may be combined with above codes)

- WEIGHT (s ANOMALIES
TOTAL # OF FISH (s) ! !
[mass g) (length mm)
Min length
€ D E L M (8]
Max length
W P
Min length
€ D E L M 0
Max length
W P
Min length
€ D E L M a
Max length
W P
Min length
€ D E L M 0
Max length
W P
Min length
€ D E L M 0
Max length
W P
Min length
¢ D E L M 0
Max length
W P

MEM: Rev/February 19, 2014
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Attachment 5. IDEM OWQ-WAPB Fish Collection Data Sheet (back).

Event ID_ Page of
Min length
& D E L I M o
Max length
‘-vn' ]
Min length
§ D E L I ] 0
Max length
\-".' 3
Min length
g D E L I M O
Max length
"vn' ]
Min length
& D E L I M o
Max length
"u" ]
Min length
& D E L I M o
Max length
\-".' 3
Min length
g D E L I M O
Max length
\-v.' 3
Min length
8 D E L I M o
Max length
"v" ]
Min length
& D E L I M o
Max length
\-".’ |J

MEM: Rev/February 19, 2014
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Attachment 6. IDEM OWQ-WAPB Macroinvertebrate Header Form.

Office of Water Quality: Macroinvertebrate Header

| L-Site # Event ID Stream Name | Location | County Surveysr
Sample Date  Sampls £ Macro# £ Containers Macro Samplea Tdrpm O mormal
| [ [ O Eladk Light Kick O puplicate
O crom O MHAE O Replicate
[ Habitat Complete [ Sample Quality Rejected O Hester-Dendy [ Qualitative
Riparian Zone/Instream Features
Watershed Erosion: Watershed NP5 Pollution:
O Heawy O Mo Evidence
O Moderste O Chbvious Sources
O Meone O Some Potential Sources
Stream Depth  Stream Depth  Stream Depth Distances Distances
Riffle (m): Fun {m): Pool (m): Riffle-Riffle (m): Bend-Bend (m}):
| | |
Stream Width (m): High Water Mark (m): Velocity (ft/s):

Stream Type:

O Cald
O ‘Warm

Turbidity (Est):
O Claar
O Opaque O Turhid

Salinity (mig/L):

ORP (mV]):

O slighthy Turhid |

O Chanmelization [ Dam Present
Predominant Surrounding Land Use: O Forest O Feld/Pasture O Agricutrural O Residentizl O Commencid O Industrial

Other |

Sediment

Sadiment Odors: O Normal [ Sewage O Petmolevmn O Chemical O Anssrchic O None Other |
Sediment Deposits: O Sedge O Sawdust O Paper Fiber O Sand O Relic Shells Other |

Sediment Oils: O Absent O Moderare O Profuse O Slighe
O Are the undersides of stones, which are not deeply embedded, bladk?

Substrate Components

[Note: Select from 0%, 10%, 20%, 30%, 40%, S50%, 60%, 70%, BO%, 90%, or 100% for each inonganic)’ organic subsirate component)

Inorganic Substrate Components (% Diameter )

Organic Substrate Components (% Type)

ek Baoubdes Coblble Gravel Sand Sge Clay Detrituis Dratribus ok Misd Marl[gray w/
r |l

{=1010n) | (2510 in) | (0.1-25 @) | (gritty) (slick] {sticks, wood) | (CPOM) | (black, fine FPOM) | shell fragments)
Water Quality

Water Odors: O Normal O Sewage O Petroleum O Chemical O Mone  Other|
Water Surface Dils: [ Slick O Sheen O Glob O Flacks

53
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Attachment 7. Macroinvertebrate MHAB Sample Habitat Form.

Sample AB Macro Stream Loc Cnty, Date

| FlowType | BR | BL [ cB | e [ GF | sa [ W | vP [ AR | AL [ MA|[wD ]| DT [ OV | UB | OT
sweep 1 |RFRN PLGL
Sweep2 |RFRN PLGL
Sweep3 |RFRN PLGL
sweep4 |RF RN PLGL
Sweep5 |RF RN PLGL
Sweep 6 |RF RN PLGL
Sweep7 |RFRN PLGL
Sweep 8 |RF RN PLGL
Sweep 9 |RF RN PLGL
Sweep 10 |RF RN PLGL
Sweep 11 |RF RN PLGL
Sweep 12 |RF RN PL GL
Sweep 13 |RF RN PL GL
Sweep 14 [RF RN PL GL
Sweep 15 |RF RN PL GL
Sweep 16 |RF RN PL GL
Sweep 17 |RF RN PLGL
Sweep 18 |RF RN PL GL
Sweep 19 |RF RN PL GL
Sweep 20 |RF RN PLGL
Sweep 21 |RF RN PLGL
Sweep 22 |RF RN PL GL
Sweep 23 |RF RN PLGL
Sweep 24 |RF RN PL GL
Sweep 25 |RF RN PLGL
Sweep 26 |RF RN PL GL
Sweep 27 |RF RN PLGL
Sweep 28 |RF RN PLGL
Sweep 29 |RF RN PLGL
Sweep 30 |RF RN PLGL
Sweep 31 |RF RN PLGL
Sweep 32 |RF RN PLGL
Sweep 33 |RF RN PLGL
Sweep 34 |RF RN PLGL
Sweep 35 |RF RN PLGL

1min Riffle kick (in 10%)

low Type: e, mmde; Substrate: BR Bedrock (>Mnm ; BL Boulder (i; - mm); CB Cobble (64 -
250 mm; GC Gravel, Coarse (16 - 64 mm); GF Gravel, Fine (2 - 16 mm); SA Sand (0.06 - 2 mm); FN Silt/Clay/Muck (not gritty); HP
Hardpan (firm, consolidated fine substrate); AR Artifical substrates (rip rap); AL Filamentous Algae; MA Macrophytes; WD Wood
(logs); DT Detritus (woody debris, CCOM); OV Overhanging Vegetation; UB Undercut Banks (incl. rootwads/rootmats); OT Other
(list in notes)

Sweeps: Circle the flow type then rank by dominance (4, 3, 2, 1) the four most prevalent substrates in the sweep sample.
|Riffle Kick: Enter the percentage (by 10%) of each substrate encountered in the one-minute riffle kick.
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Attachment 8. Macroinvertebrate Transect Sample Habitat Form.
Sample AB Macro Stream Loc Cnty. Date
Col SWatX___ SW*15=__ SW*0.09=__ SwW*0.1=___ |BR|BL|CB|GC|GF|SA| FN| HP [ AR | AL|MA|wD| DT [ov|uB|OT
ERLLMH |RWL>5010-505-10VN ; K1 RFRNPLGL

ERRLMH |RWR >5010-505-10V N — |K2ZRFRNPLGL
SW__LD_ MD_RD_U_R_D_L__ |TVFFMSISIMED

ERLLMH |RWL>5010-505-10VN e« |K1RF RN PLGL
ERRLMH |RWR >5010-505-10V N E K2 RFRN PLGL

SW__LD_ MD_RD_U_R_D_L__ |TVFFMSISIMED

ERLLMH |RWL>5010-505-10V N e« |K1RFRNPLGL
ERRLMH |RWR >5010-505-10V N E K2 RFRN PLGL

SW___LD__MD_RD_U_R_D_L TVFFMSISIMED

ERLLMH |RWL>5010-505-10VN o« |K1RFRNPLGL
ERRLMH |RWR >5010-505-10V N E K2 RFRN PLGL

SW__LD_ MD_RD_U_R_D_L__ |TVFFMSISIMED

ERLLMH |RWL>5010-505-10VN | e |K1RFRNPLGL
ERRLMH |RWR>5010-505-10VN | = [K2 RFRNPLGL
SW___LD__MD_RD_U_R_D_L__ |[TVEFMSISIMED
ERLLMH |RWL>5010-505-10VN | & |K1RFRNPLGL
ERRLMH |RWR>5010-505-10VN | = |K2 RFRNPLGL
SW__LD_ MD_RD_U_R_D_L__ |[TVEFMSISIMED
ERLLMH |RWL>5010-505-10VN | & |K1RFRNPLGL
ERRLMH |RWR>5010-505-10VN | = |K2 RF RN PLGL
SW__LD_ MD_RD_U_R_D_L_ |[TVEFMSISIMED
ERLLMH |RWL>5010-505-10VN | e |K1RFRNPLGL
ERRLMH |RWR>5010-505-10VN | = |K2 RF RN PLGL
SW__LD__MD_RD_U_R_D_L__ |[TVEFMSISIMED

ERLLMH |RWL>5010-505-10VN | = |K1RFRNPLGL
ERRLMH |RWR>501050510VN | = K2 RFRNPLGL
SW__LD_MD_RD_U_R_D_L__ |[TVEFMSISIMED
ERLLMH |RWL>5010-505-10VN | & |K1RFRNPLGL
ERRLMH |RWR>5010-505-10VN | = |K2 RF RN PLGL

SW__LD_ MD_RD_U_R_D_L__ |TVFFMSISIMED

Trans. 10| Trans.9 | Trans. 8 | Trans.7 | Trans.6 | Trans.5 | Trans.4 | Trans.3 | Trans.2 | Trans. 1

Trans 1.

Trans 2.

Trans 3.

Trans 4.

Trans 5.

Trans 6.

Trans 7.

General Notes

Trans 8.

Trans 9.
Trans 10.

ERosion, Left, Right - Low, Med, High; Riparian Width, Left, Right - Very narrow, Narrow; Stream Width; Left Depth, Middle Depth, Right
Depth; Densiomter - Upstream, Right, Downstream, Left; Kick Location - Left, Middle, Right; Kick, 1, 2 - RiFfle, RuN, Pool, GLide; Current
velocity - Torrential, Very Fast, Fast, Moderate, Slow, InterStitial, InterMittent, EDdies

Substrate: BR Bedrock (>4000mm); BL Boulder (250 - 4000 mm); CB Cobble (64 - 250 mm; GC Gravel, Coarse (16 - 64 mm); GF Gravel, Fine
(2 - 16 mm); SA Sand (0.06 - 2 mm); FN Silt/Clay/Muck (not gritty); HP Hardpan (firm, consolidated fine substrate); AR Artifical substrates
(rip rap); AL Filamentous Algae; MA Macrophytes; WD Wood (logs); DT Detritus (woody debris, CPOM); OV Overhanging Vegetation; UB
Undercut Banks {incl. rootwads/rootmats); OT Other {list in notes)
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Attachment 9.
Index (front).

April 28, 2017

IDEM OWQ-WAPB Biological Qualitative Habitat Evaluation

0w Biological QHEI (Qualitative Habitat Evaluation Index)

N
B Sample # bicsample £ Stream Name | Location
Surveyor Sample Date County Macro Sample Type _ Habitat
| | | | Compler= |QHEI Score: | |

1] SLBSTRATE Check OMLY Two rirant substrate TYPE BOXES;

extimate % and check every type présent

BEST TYPES OTHER TYPES ORIGIN
PRECKIMIMANT PRECENT TOTAL  PREDOMINANT PRESENT TORAL %
R RE R PG AR 3G 4w 1 [1]
| [10] OO Ood I-FREPMIE OO O Tos[1)
OO BOULDER[] OO JO DETRINAS|3] OO O WETLANDS [0]
OO COBBIE(E | OO MucK[2] OO :m[ﬂ{
OO GRAVEL OO O3 stz oa O SANDSTOME [0
OO SAND[& OO OO ARTIFJAL[D] OC C RIF/RAP[O]
OO BERDCK[S] oo {Score natural substrates: ignore T
NUMEBER OF BEST TYPES: —4u.-m.;u-e 2] sludge from poirt-sources) O [-1]

O3or O oAl FINES[-2]

Comments

Chexck ONE {0r 2 B average)

QUALITY

Py

ruu-w_[u

L]

ETM

EXTEMSIVE -2
MODERATE [-1
MNORMAL [0]
MOME[1]

EE s sy R

Mazdmum
20

2] INSTREAM COVER Indicate prasance 0 to 3 and estimate percent: 0-Absent; 1-Very small amounts of if mane comimon of manginal

quality: 2-Maderate amounts, but not of highest quality or in small amaurds of highesst quality: 3-Highest
quality in moderate of greater amounts (e.g., very lange bouklers in deep o fast wabes, large diameter g
Hhat & shable, wedl deveoped root wad in duq:..rrm na‘I.Er ot weel-cefined, functional poos.)

e AT

AMOUNT
Theck DNE (Or 2 & average)
EXTENSIVE > 75% [11]

AT

__ UNDEROUT BAMKS[1] ~ Poous > 70mm 1]__m5mmm SPARSES - < 250 [3]

T OVERHANGING VEGETATION TERR] T rooTwaDs[l] MEARLY ABSENT < S5/ [1]

T SHALMWS(INSLUOWWETER)[1] __ _ BOADERS[1] —_ mﬁsmwmwm Covver

T FOOTMATS[1] Madmum

i

—Comments

aélcmnw& MORPHOLOGY herk ONE in each m.ﬁw (2 8 sverage

NUDSITY DEVELOPMENT C NELIIA STABILITY

C HIGH C EXCELENT 2 NOME 2 HIGH[Z

C LOW[Z g O FAMFJ[].:] | Nﬂ) O LOWIL] 21 E‘I.-fi'ru'n

O mé[l] O 1 O RECENTOR F]Emm[l] - i

Comments

4] BANK EROSTON AND RIPARTAN ZSONE Check ONE In each cabegory Tor EACH BANK (Or 2 per barik B average)
LR

RIPARIAN WIDTH | p FLOOD PLAIN QUALITY

Al righe fochuny Sowrsliream | R

L g EROSION OO WIDE>S0m[4] T FOREST, SwaMp[2] OO ODNSERVATIDN TILLAGE(1]
oc OO MODERATE 10-50mi[3] T C SHRUBOROLDFIELD[2] TO0 UREAN DR INDUSTRIAL [0
O MODERATE[Z OO MNARRIAW 5-10m[2 OO RESIDENTIAL PARK.NENFHED[1] T MINING /ODNSTRUCTION [0]
OO0 HEAWSEVERE|1] T VERYNARROW |1 ZC FNCEDPASTURE inant nd kS
[ OO 0] 1 oo mmmm—:mym[u] pact 1000 rparian nﬁ%
Mendmum
Comments 10
5] POOL/GLIDE AND RIFFLE/RUN QUALITY
MAXIMUM DEPTH CHANMEL WIDTH CURRENT VELOCITY Rerrearion Posndal
Check ONE (ONLY!) Check OME [Or 2 & average) Chexk ALL Hmmgﬂw (ke o ard conrrvent on beck)
O =1m O POOL »RIFALE 2 O T[IEH'H]IFI.:I:-I O [1] —1 Prirary Conad:
O 07-<1m[4 C POOLWIDTH=RIFAEWIDTH([1] O VERYFAST[1 T INTERSTITIAL[-1] ] ot
O 0d- <0Fm ] O POOLWIDTH <RIFALEWIDTH[0] O FasT[1] O INTERMITTENT[-2] Pool/
O 02-<0dm[1 T MODERATE[1] O HEDIES[1] Current
O < 02m[0] [rmeeric=0] Indlicate for reach — pools and riffles
L 12
Enficate for functional iMes; Best areas must be Ia:ge E"r.'rl.l'zfl o i.l.||.'1'.'r.'|r1.-a mp.nlaum
af riffie-obigate speciss: Check ONE (O 2 & average) | mmlan:ﬂl

RIFFLE DEPTH RUN DEPTH RIFFLE/RUN SUBSTRATE RIFFLE/RUN EMBEEDDEDMNESS
O BESTAREAS=10om[2] T MM-I.H}Im1[1] 1 STABLE (e, Cobble, Boulder) [2 O NOME[Z]
O BESTAREASS-10om[1] O MAXIMUM <S0am[1] T MOD.STABLE (eg. Lame Jﬂ O I.[Hl'l.f[l]
C BEST AREAS < 5am T UMSTABLE (a.g., Fine Grans, 0] C [
[metrc=10] O BXTENSIVE[-1 I'-'H-:l'rurn
Comments
6] GRADIENT | Pt/ mi} O VERYLDW -LOWI2—4] G PIOROL: | | WoGLIDE: [ ] -Era:iem
O I'-II:EFATE[E-II]E[ Mepimum
DRAINAGE AREA ¢ mity O HIGH-VERYHIGH[10- 6]  SoRUMN: | [H]H_IFFLE::] 10
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Attachment 9 (continued). IDEM OWQ-WAPB Biological QHEI (back).

DR
= OW0Q Biological QHEI (Qualitative Habitat Evaluation Index)
- COMMENT
A-CANDPY B-AESTHETICS C-RECREATION D-MAINTEMANCE E-ISSUES
T > 8F%-Open = Muisaneakgee T i shesn Area Depith Opublic OPate TIWWTP 0050 T NPDES
O TPe-<85% O Imasvemacophvies T Trashy/Licer Pock 0 = 100f O =3ft CAcive T Historic T Inchustry I Uban
O 3P~ 5570 O Escess turbicity T Mulssnce odor Suocessiore T Young 06 T Hardened T Dirt BuGrme:
T 10°%-< WP T Discolorstion T Shdgedeposits OSpray Dlsands T Sooured T Conaninsted T Landid
T < 10 -Closed O FoemySoum T 90/ 550s Dutfalls Snag: T Removed T Modified EMPs: CConstruction ) Sadiment
Leveat Dinesided JBcthbarks  TLogging T Iigation T Cooling
Looking upstresm (= 10m, 3 readings; = 10m, 1 madingin midde); Round o the nearestwhole perent I Rdocated TiCutofE Erosion: T Bank JSurface
Right Middhe Left Total Averane Bedboad: = Moving JSable I Fatsz bank Z Manure T Lapoon
SO O L o %o :hnwu-ed:ﬁlm OWashH:0 O Tie OH-0 Table
— — e O Impounded T Desiomted Minez T Add T Querry
I Rood controd T Drainane Fow: T Natural T Stagrant
TWethind T Park T Golf
O Lawm T Home
1 Amosphenic deposition
Jagiadre T Livesnd:

Stream Drawing:

IDEM 112812
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Attachment 10. IDEM OWQ-WAPB Chain of Custody Form.
IDEM .
. . Project:
Indiana Department of Environmental Management
OWQ Chain of Custody Form
owaQ Sample Set or Trip #:
| Certify that the sample(s) listed below was/were collected by me, or in my presence. Date:
Signature: Section:
Sample Media (O Water, O Algae,Od Fish, O Macro, O Cyanobacteria/lMicrocystin, O Sediment)
Lab ) — _ =S| =e| =g | = Date and Time Collected
Assigned IDEM 58 E=|E=s|Ex | ES|ES|ES| E2 One check
E> ID o = S|len|So|loDp|wvs per bottle
Number / Control i 2z |8z |g>|¥=|8s|2w |0 § resent
Event ID Number | @ 2a | 20 o az z |- Date Time P
P = Plastic G = Glass N.M. = Narrow Mouth Bact = Bacteriological Only Should samples be iced? ‘ Y ‘ N
M = MS/MSD B =Blank D = Duplicate R = Revisit
Carriers
| certify that | have received the above sample(s).
Signature Date Time Seals Intact Comments
Relinquished By:
q Y. Y N
Received By:
Relinquished By:
Y N
Received By:
Relinquished By:
Y N
Received By:
IDEM Storage Room #

Lab Custodian

| certify that | have received the above sample(s), which has/have been recorded in the official record book. The same sample(s) will be in the
custody of competent laboratory personnel at all times, or locked in a secured area.

Signature: Date: Time:

Lab: Address:

Revision Date: 4/27/2016
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Attachment 11. IDEM OWQ-WAPB Water Sample Analysis Request Form.

Indiana Department of Environmental Management

Office of Water Quality

Watershed Planning and Assessment Branch

www.idem.IN_gov Water Sample Analysiz Request
Project Name: Composite [] Grab [
OWQ Sample Set 1 IDEM Sample Nos.
Crew Chief Lab Sample Nos.

Collection Date

Lab Delivery Date

Anions and Physical Parameters

Parameter Test Method Total Dissolved
Alkalinity (as CaCOy) EPA 310.2 & = O
Total Solids SM 25408 B =

Suspended Sobids SM 25400 ®*

Dissolved Solids SM 2540C B =
Sulfate EPA 375.2 B* o=
Chionde SM 4500CI-E = [H]
Hardness (as CaCOy) EPA 130.1 4 O
Fluoride 380-75WE O= [H]
Sliica (Reactve) SM 4500-SiD C= 0

Priority Pollutant Metals Water Parameters

Parameter Test Method Total Dissolved
Antmony 200.8 O O
Arsenic 200.8 O O
Benyllium 200.8 O O
Cadmium 200.8 O O
Chromium (Hex) SM 3500Cr-D O O
Chromium (Total) 200.8 O O
Copper 200.8 O O
Lead 2008 O O
Mercury, EPA 245.1 (] (]
Nicke! 200.8 O O
Selenium 200.8 (] (]
Silver 200.8 O O
Thalfum 200.8 O (]
Zinc 200.7 O O
Cations and Secondary Metals Parameters
Parameter Test Method Total Dissolved
Aluminum 200.7, 200.8 [m] O
Barium 200.8 O O
Boron 200.8 O O
Calcaum 200.7, 200.8 g #= O
Calcium (as CaCO.) SM 2500Ca-D O O
Cobalt 200.8 O O
Iron 200.7 O O
Magnesium 200.7.200.8 g #= O
Manganese 200.3 O [}
Potassium SM 3500-K D O O
Sodium 200.7 O O
Strontum 200.7 O O

Send reports (Fed. Ex. or UPS) to:

David Jordan - IDEM

Mail Code 65-40-2 (Shadeland)

100 N. Senate Ave
Indianapolis, IN 46204-2251

Deliver reports to:

David Jordan - IDEM

STE 100

2525 North Shadeland Ave.
Indianapolis. IN 46219
DJordan/@idem in gov

Organic Water Parameters
Parameter Test Method Total
Priority Pollutants: Oranochlorine
Pesticides and PCBs EPA 608 o
Polynuciear Aromatic Hydrocarbons | EPA 610 O
Priority Pollutants: VOCs -
Purgeable Organics EPA 624 a
Priority Pollutants: Base/Neutral
Extractables EPA 625 a
Priority Pollutants: Acid
Extractables EPA 625 o
Phenolics, 4AAP EPA 4204 O
QOil and Grease, Total EPA 1664A O
Semi-volatile Organics & Pesticides | EPA 525.2 O
Nutrient & Organic Water Chemistry Parameters
Parameter Test Method Total [Dissolved
Ammonia Nitrogen EPA 350.1 o] O
CBOD. SM 52108 O
CBOD,, SM 52108 O
Total Kjeldah! Nitrogen
(TKN) EPA 3512 i3 O
Nitrate + Nitrite EPA 3531 [} ]
Dissolved Reactve Phosphorus| SM4500-P 0O O
Total Phosphorus EPA 2851 = O
TOC SM 53108 5] O
COD (Low Level) SM 52200 (] (]
Cyanice (Total) EPA 2254 [m] [m]
Cyanide (Free) SM 4500CN-1 G O
Cyanide (Amenable) SM 4500CN-G [ O
Bacteriological Water Parameters
Parameter Test Method Total Dissolved
E. coli
(Colilert Method) She2a -

30 day reporting time required.

Notes:

** = DO NOT RUN PARAMETER IF SAMPLE
IDENTIFIED AS A BLANK ON THE CHAIN OF
CUSTODY

* = RUN ONLY IF TOTAL CYANIDE IS DETECTED

** = Report Calcium, Magnesium as Total Hardness

components if Hardness is calculated

Testing Laboratory:

Indiana State Depariment of Health (ISDH)

Environmental Laboratory Division

550 W. 16th Street

Indianapolis, IN 46202
Phone: 317-021-5815 (Ray Beebe)

(Rev. 6/2013)
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Appendix 1. Pace Laboratory Inc., Indianapolis: Accreditation Documents

Michael R, Pence

Governor
: .;!e;rgme %Ah: édam_s, MD, MPH
Indiana State ST
Department of Health
‘An Equal Opportunity Employer

CERTIFIED MAIL NO. 7000 0520 0012 9325 6837
RETURN RECEIPT REQUESTED

May 6, 2015

Beth Schrage

Pace Analytical Services, Inc.
7726 Moller Road
Indianapolis, Indiana 46268

Dear Ms. Schrage:

On April 22, 2015, Philip Zillinger, Chemistry Laboratory Certification Officer, Chemistry
Laboratory, ISDH Laboratories, Indiana State Department of Health (ISDH), visited the laboratory
of the Pace Analytical Services, Inc., 7726 Moller Road, Indianapolis, to conduct an on-site
evaluation. The laboratory was evaluated for purposes of determining the laboratory's capabilities
for analyzing samples for metals, cyanide, fluoride, nitrate, nitrite, volatile organic compound
(VOC) and trihalomethane (THM) content pursuant to the National Primary Drinking Water
Regulations (NPDWR) as implemented by 40 CFR Part 141 and the Indiana Primary Drinking
Water Regulations (IPDWR) as implemented by 327 IAC 8-1 and 8-2.

Based on the information contained in the attached evaluation report, the recommendation of the
survey officer, and the perforimance evaluation sample results, the ISDH hereby issues the
following determination, pursuant to IC 4-21.5-3-5:

o The laboratory is hereby granted full certification for: antimony, arsenic, barium, beryllium,
cadmium, chromium, cyanide, fluoride, mercury, nickel, selenium, thallium, copper, lead,
nitrate, nitrite, the regulated volatile organic compounds (VOC), vinyl chloride and
irihalomethanes (THM).

e This certification is valid for three (3) years from the date of this letter, with continuing
successful performance on performance evaluation samples.

o The laboratory has been assigned laboratory number C-49-06. This number is to be used on
all reports used for compliance monitoring of public water supplies.

- 2 North Meridian Street » Indianapolis, IN 46204 i
Indiana 3172551325 (0 517 2388817 To promte and provide
A State that Works www.statehealth.in.gov essential public heaith services.
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Beth Schrage 2 May 6, 2015

If you wish to seek review or stay of the effectiveness of this determination, pursuant to
IC 4-21.5-3-7, you are required to submit, in writing, a petition, on or before May 25, 20135, to:

Office of the Secretary

Indiana State Department of Health
2 North Meridian Street
Indianapolis, Indiana 46204-3006

The petition for review or stay must include facts demonstrating that:

e The petitioner is a person to whom the determination is specifically directed;
e The petitioner is aggrieved or adversely affected by the agency determination; or,
e The petitioner is entitled to review under any law.

Dated at Indianapolis, Indiana, this 6th day of May, 2015.

C Forfil

Judith C. Lovchik, PhD, D(ABMM)

Assistant Commissioner, Public Health Protection and Laboratory Services
Indiana State Department of Health

550 West 16th Street

Indianapolis, Indiana 46202

317 921-5808

Sincerely,

A copy of this letter was sent on the above date, postage prepaid first class mail, to:

Matthew Prater

Indiana Department of Environmental Management
Drinking Water Branch

100 North Senate Avenue

Indianapolis, IN 46204
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Indiana State

SCOPE OF CERTIFICATION
PACE ANALYTICAL SERVICES, INC.
INDIANAPOLIS, INDIANA

Department of Health

ANALYTE METHOD ANALYTE METHOD
METALS PCB
Antimony EPA 200.8R5.4 | as decachlorobiphenyl Not certified
Arsenic EPA 200.8R5.4
Barium EPA 200.7R4.4; | YOC
EPA 200.8R5.4
Beryllium EPA 200.7R4.4; | 20 regulated VOC EPA 524.2R4.1
EPA 200.8R5.4
Cadmium EPA 200.7R4.4; | Vinyl chloride EPA 524.2R4.1
EPA 200.8R5.4
Chromium EPA 200.7R4.4; | DBCP Not certified
EPA 200.8R5.4
Copper EPA 200.7R4.4; | EDB Not certified
EPA 200.8R5.4
Lead EPA 200.8R5.4
Mercury EPA 245.1R3.0 TTHM
Nickel EPA 200.7R4.4; | 4 THM EPA 524.2R4.1
EPA 200.8R5.4
Selenium EPA 200.8R5.4
Thallium EPA 200.8R54 | PAH
Benzo(a)pyrene Not certified
NONMETALS
Cyanide EPA 335.4R1.0 | ADIPATE/PHTHALATE :
Fluoride EPA 300.0R2.1 Di(2-ethylhexyl)adipate Not certified
Nitrate EPA 300.0R2.1 | Di(2-ethylhexyl)phthalate Not certified
Nitrite EPA 300.0R2.1
CARBAMATES
PESTICIDES Carbofuran Not certified
Alachlor Not certified Oxamyl (vydate) Not certified
Atrazine Not certified
Chlordane Not certified HERBICIDES
Endrin Not certified 2,4-D Not certified
Heptachlor Not certified 2,4,5-TP (silvex) Not certified
Heptachlor epoxide Not certified Dalapon Not certified
Hexachlorobenzene Not certified Dinoseb Not certified
Hexachlorocyclopentadiene | Not certified Diquat Not certified
Lindane Not certified Endothall Not certified
Methoxychlor Not certified Glyphosate Not certified
Simazine Not certified Pentachlorophenol Not certified
Toxaphene Not certified Picloram Not certified
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Indiana State
Department of Health

SCOPE OF CERTIFICATION
PACE ANALYTICAL SERVICES, INC.
INDIANAPOLIS, INDIANA

ANALYTE METHOD ANALYTE METHOD
DISINFECTION MISCELLANEQUS
BYPRODUCTS ANALYTES
HAAS Not certified 2,3,7,8-TCDD (dioxin) Not certified
Bromate Not certified Asbestos Not certified
Chlorite Not certified

65

April 28, 2017




Nutrients/Diel Dissolved Oxygen Pilot Study Work Plan

B-033-OWQ -WAP-PRB-17-W-R0
April 28, 2017

STATE OF KANSAS

DEPARTMENT OF HEALTH AND ENVIRONMENT

CERTIFICATE

This is to certify that Certificate No. E-10177

Pace Analytical Services, Inc.
7726 Moller Road
Indianapolis, IN 46268-4163

has been accredited in accordance with K.S8.A. 65-1,109a under the standards adopted in K.A.R.
28-15-36 for performing environmental analyses for the parameters listed on the attached form.
Continuous accreditation depends on successful, ongoing participation in the program. Clients
are urged to verify with this agency the laboratory's certification status for particular methods
and analytes.

EFFECTIVE DATE: 05/01/2016 EXPIRATION DATE: 04/30/2017

E Mo

Secretary SectYon chief
Department of Health and Environment Environmental Laboratory Certifications
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KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT PAGE: 1
ENVIRONMENTAL LABORATORY ACCREDITATION
CLEAN WATER ACT PROGRAM - NON-POTABLE WATER MATRIX

This certificate supersedes all previous certificates

Pace Analytical Services, Inc. Certificate Number: E-10177

7726 Moller Road Effective Date: 05/01/2016

Indianapolis, IN 46268-4163 Expiration Date: 04/30/2017
Reciprocity:

The laboratory listed above is hereby approved for environmental laboratory accreditation in
accordance with K.S.A. 65-1, 109a for the following:

**DEMANDS

BOD {SM 5210.B}

¢BOD {SM 5210 B}

COD {EPA 410.4}

COD {HACH 8000}

Total Organic Carbon {SM 5310 B, C, or D}

**METALS

Aluminum {EPA 200.7}
Aluminum {EPA 200.8}
Antimony {EPA 200.7}
Antimony {EPA 200.8}

Arsenic {EPA 200.7}

Arsenic {EPA 200.8}

Barium {EPA 200.7}

Barium {EPA 200.8}

Beryllium {EPA 200.7}
Beryllium {EPA 200.8}

Boron {EPA 200.7}

Boron {EPA 200.8}

Cadmium {EPA 200.7}
Cadmium {EPA 200.8}
Calcium {EPA 200.7}
Chromium {EPA 200.7}
Chromium {EPA 200.8} ;
Chromium, VI {SM 3500-Cr B}
Cobalt {EPA 200.7}
Cobalt {EPA 200.8}
Copper {EPA 200.7}
Copper {EPA 200.8}
Iron {EPA 200.7}

Lead {EPA 200.7}

Lead {EPA 200.8}
Magnesium {EPA 200.7}
Manganese {EPA 200.7}
Manganese {EPA 200.8}
Mercury {EPA 1631 E}
Mercury {EPA 245.1}
Molybdenum {EPA 200.7}
Molybdenum {EPA 200.8}
Nickel {EPA 200.7}
Nickel {EPA 200.8}
Potassium {EPA 200.7}
Selenium {EPA 200.7}
Selenium {EPA 200.8}
Silver {EPA 200.7}
Silver {EPA 200.8}
Sodium {EPA 200.7}
Thallium {EPA 200.7}
Thallium {EPA 200.8}
Tin {EPA 200.7}

Tin {EPA 200.8}
Titanium {EPA 200.7}
Titanium {EPA 200.8}
Vanadium {EPA 200.7}
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KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT PAGE: 1
ENVIRONMENTAL LABORATORY ACCREDITATION
RCRA PROGRAM - NON-POTABLE WATER AND SOLID/CHEMICAL WASTE MATRICES

This certificate supersedes all previous certificates

Pace Analytical Services, Inc. Certificate Number: E-10177

7726 Moller Road Effective Date: 05/01/2016

Indianapolis, IN 46268-4163 Expiration Date: 04/30/2017
Reciprocity:

The laboratory listed above is hereby approved for environmental laboratory accreditation in
accordance with K.S.A. 65-1, 109a for the following:

**CHARACTERISTICS

Ignitability {EPA 1010}

Synthetic-Precipitation Leaching Procedure {EPA 1312}
Toxic-Characteristic-Leaching Procedure {EPA 1311}

**METALS

Aluminum {EPA 6010}
Aluminum {EPA 6020}
Antimony {EPA 6010}
Antimony {EPA 6020}
Arsenic {EPA 6010}
Arsenic {EPA 6020}
Barium {EPA 6010}
Barium {EPA 6020}
Beryllium {EPA 6010}
Beryllium {EPA 6020}
Boron {EPA 6010}
Cadmium {EPA 6010}
Cadmium {EPA 6020}
Calcium {EPA 6010}
Chromium {EPA 6010}
Chromium {EPA 6020}
Chromium, VI {EPA 7196}
Cobalt {EPA 6010}
Cobalt {EPA 6020}
Copper {EPA 6019}
Copper {EPA 6020}
Iron {EPA 6010}

Lead {EPA 6010}

Lead {EPA 6020}
Magnesium {EPA 6010}
Manganese {EPA 6010}
Manganese {EPA 6020}
Mercury {EPA 7470}
Mercury {EPA 7471}
Molybdenum {EPA 6010}
Nickel {EPA 6010}
Nickel {EPA 6020}
Potassium {EPA 6010}
Selenium {EPA 6010}
Selenium {EPA 6020}
Silver {EPA 6010}
Silver {EPA 6020}
Sodium {EPA 6010}
Thallium {EPA 6010}
Thallium {EPA 6020}
Tin {EPA 6010}
Titanium {EPA 6010}
Vanadium {EPA 6010}
Vanadium {EPA 6020}
Zinc {EPA 6010}

Zinc {EPA 6020}

**MINERALS
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Vanadium {EPA 200.8}
Zinc {EPA 200.7}
Zinc {EPA 200.8}

**METALS - 503 Regs
Arsenic {EPA 6010}
Arsenic {EPA 6020}
Cadmium {EPA 6010}
Cadminm {EPA 6020}
Chromium, Total {EPA 6010}
Chromium, Total {EPA 6020}
Copper {EPA 6010}
Copper {EPA 6020}
Lead {EPA 6010}

Lead {EPA 6020}
Mercury {EPA 7470}
Mercury {EPA 7471}
Molybdenum {EPA 6010}
Molybdenum {EPA 6020}
Nickel {EPA 6010}
Nickel {EPA 6020}
Selenium {EPA 6010}
Selenium {EPA 6020}
Zinc {EPA 6010}

Zinc {EPA 6020}

**MINERALS

Acidity {SM 2310 B}

Alkalinity {SM 2320 B}

Chloride {EPA 300.0} b
Chloride {SM 4500-CIE} . -
Fluoride {EPA 300.0} -
Fluoride {SM 4500-F C}
Hardness {SM 2340 B or C}
Sulfate {EPA 300.0}

Sulfide {SM 4500-S-2 D}

**MISCELLANEOUS
 Bromide {EPA 300.0}
Chlorine - Total {SM 4500-C1 G}
Conductivity {EPA 120.1}
Conductivity {SM 2510 B}
Cyanide {EPA 335.4}
Cyanide {SM 4500-CN C}
Cyanide {SM 4500-CN E}
Hydrogen Ion (pH) {SM 4500-H B}
0il & Grease {EPA 1664}
Phenolics {EPA 420.4}
Surfactants {SM 5540 C}
Turbidity {EPA 180.1}

**NUTRIENTS

Ammonia {EPA 350.1}
Ammonia {SM 4500-NH3 G}

K Nitrogen {EPA 351.2}
Nitrate-Nitrite {EPA 300.0}
Nitrate-Nitrite {EPA 353.2}
Nitrate {EPA 300.0}

Nitrate {EPA 353.2}

Nitrite {EPA 300.0}

Nitrite {EPA 353.2}
Organic-Nitrogen {TKN-NH3-CAL}
Orthe-phosphate {SM 4500-P E}
Phosphorus {EPA 365.1}
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Phosphorus {SM 4500-P E}

**QORGANIC CHEMISTRY VOLATILES (MEASUREMENT BY GC/MS)

{EPA 624} 1,1-Dichloroethane

{EPA 624} 1,1-Dichloroethene

{EPA 624} 1,1,1-Trichloroethane

{EPA 624} 1,1,2-Trichloroethane

{EPA 624} 1,1,2,2-Tetrachloroethane

{EPA 624} 1,2-Dichlorobenzene

{EPA 624} 1,2-Dichloroethane

{EPA 624} 1,2-Dichloropropane

{EPA 624} 1,3-Dichlorobenzene

{EPA 624} 1,4-Dichlorobenzene

{EPA 624} 2-Chloroethyl vinyl ether

{EPA 624} Acrolein

{EPA 624} Acrylonitrile

{EPA 624} Benzene

{EPA 624} Bromodichloremethane

{EPA 624} Bromoform

{EPA 624} Bromomethane (Methyl bromlde)
{EPA 624} Carbon tetrachloride

{EPA 624} Chlorobenzene i
{EPA 624} Chloroethane
{EPA 624} Chloroform = :
{EPA 624} Chloromethane (Methyl chlonde)
{EPA 624} cis-1,3-Dichloropropene ' °

{EPA 624} Dibromochloromethane

{EPA 624} Ethylbenzene ¢

{EPA 624} Methylene chloride (Dxchloromethane)
{EPA 624} Tetrachloroethene (Perchloroethylene) :
{EPA 624} Toluene

{EPA 624} trans-1, 2-D1clllnrnethene

{EPA 624} trans-1 3-chhloropropene

{EPA 624} Trichloroethene (Tnchloroethylene)
{EPA 624} Trichlorofluoromethane :
{EPA 624} Vinyl chloride

**QRGANIC CHEMISTRY (MEASUREMENT BY GC)
{EPA 608} 4,4'-DDD
{EPA 608} 4,4'-DDE
{EPA 608} 4,4'-DDT
{EPA 608} Aldrin
{EPA 608} alpha-BHC (alpha-Hexachlorocyclohexane)
{EPA 608} beta-BHC (beta-Hexachlorocyclohéxane)
{EPA 608} Chlordane

{EPA 608} delta-BHC

{EPA 608} Dieldrin

{EPA 608} Endosulfan I

{EPA 608} Endosulfan IT

{EPA 608} Endosulfan Sulfate

{EPA 608} Endrin

{EPA 608} Endrin aldehyde

{EPA 608} gamma-BHC (Lindane, gamma-Hexachlorocyclohexane)
{EPA 608} Heptachlor

{EPA 608} Heptachlor epoxide

{EPA 608} PCB-1016

{EPA 608} PCB-1221

{EPA 608} PCB-1232

{EPA 608} PCB-1242

{EPA 608} PCB-1248

{EPA 608} PCB-1254

{EPA 608} PCB-1260

{EPA 608} Toxaphene
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ENVIRONMENTAL LABORATORY ACCREDITATION
CLEAN WATER ACT PROGRAM - NON-POTABLE WATER MATRIX
*ORGANIC CHEMISTRY (MEASUREMENT BY GC/MS)

{EPA 625} 1,2, 4-Trichlorobenzene
{EPA 625} 2-Chloronaphthalene

{EPA 625} 2-Chlorophenol

{EPA 625} 2-Methyl-4,6-dinitrophenol
{EPA 625} 2-Nitrophenol

{EPA 625} 2,2'-Oxybis(1-chloropropane)
{EPA 625} 2,4-Dichlorophenol

{EPA 625} 2,4-Dimethylphenol

{EPA 625} 2,4-Dinitrophenol

{EPA 625} 2,4-Dinitrotoluene (2,4-DNT)
{EPA 625} 2,4,6-Trichlorophenol

{EPA 625} 2,6-Dinitrotoluene

{EPA 625} 3,3'-Dichlorobenzidine

{EPA 625} 4-Bromophenyl pheny! ether
{EPA 625} 4-Chloro-3-methylphenol
{EPA 625} 4-Chlorophenyl phenyl ether
{EPA 625} 4-Nitrophenol

{EPA 625} Acenaphthene

{EPA 625} Acenaphthylene
{EPA 625} Anthracene

{EPA 625} Benzidine :
{EPA 625} Benzu(a)anthracene
{EPA 625} Benzo(a)pyrene: i
{EPA 625} Benzo(b)fluoranthene
{EPA 625} Benzo(g,h,i)perylene
{EPA 625} Benzo(k)fluoranthene
{EPA 625} Benzyl butyl phthalate . -~
{EPA 625} Bis(2-chloroethoxy)methane’:
{EPA 625} Bis(2-chloroethyl)ether . ::°

{EPA 625} Bxs(2—ethylhexyl)phthalate ST

{EPA 625} Chrysene

{EPA 625} Di-n-butyl phthalate
{EPA 625} Di-n-octyl phthalate: X
{EPA 625} Dibenzo(a,h)anthracene
{EPA 625} Diethyl phthalate :

{EPA 625} Dimethyl phthalate -
{EPA 625} Fluoranthene -

{EPA 625} Fluorene

{EPA 625} Hexachlorobenzene
{EPA 625} Hexachlorobutadiene *
{EPA 625} Hexachloroethane

{EPA 625} Indeno(1,2,3-cd) pyrene .
{EPA 625} Isophorone

{EPA 625} N-nitroso-di-u-propylamine (NDPA) .

{EPA 625} N-nitrosodimethylamine (NDMA)
{EPA 625} N-Nitrosodiphenylamine

{EPA 625} Naphthalene

{EPA 625} Nitrobenzene

{EPA 625} Pentachlorephenol

{EPA 625} Phenanthrene

{EPA 625} Phenol

{EPA 625} Pyrene

**RESIDUES

Residue, Filterable (TDS) {SM 2540 C}
Residue, Non Filterable (TSS) {SM 2540 D}
Residue, Settleable {SM 2540 F}

Residue, Total {SM 2540 B}

**SUPPLEMENTAL
{ASTM D516-02} Sulfate
{EPA 608} Methoxychlor
{EPA 624} Naphthalene
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{EPA 624} Xylene (total)

{EPA 625} 1,2-Dichlorobenzene
{EPA 625} 1,3-Dichlorobenzene
{EPA 625} 1,4-Dichlorobenzene
{EPA 8015} Propylene Glycol

{EPA 8260B} Xylene (total)

{EPA 8260} 1,1,2-Trichloro-1,2,2-trifluoroethane
{EPA 8260} 1,3,5-Trichlorobenzene
{EPA 8270C} Carbazole

{EPA 8270} 1-Methylnaphthalene
{EPA RSK-175 (GC/FID)} Ethane
{EPA RSK-175 (GC/FID)} Ethene
{EPA RSK-175 (GC/FID)} Methane

End of Parameter List
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KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT PAGE: 1
ENVIRONMENTAL LABORATORY ACCREDITATION
RCRA PROGRAM - NON-POTABLE WATER AND SOLID/CHEMICAL WASTE MATRICES

This certificate supersedes all previous certificates

Pace Analytical Services, Inc. Certificate Number: E-10177

7726 Moller Road Effective Date: 05/01/2016

Indianapolis, IN 46268-4163 Expiration Date: 04/30/2017
Reciprocity:

The laboratory listed above is hereby approved for environmental laboratory accreditation in
accordance with K.S.A. 65-1, 109a for the following:

**CHARACTERISTICS

Ignitability {EPA 1010}

Synthetic-Precipitation Leaching Procedure {EPA 1312}
Toxic-Characteristic-Leaching Procedure {EPA 1311}

**METALS

Aluminum {EPA 6010}
Aluminum {EPA 6020}
Antimony {EPA 6010}
Antimony {EPA 6020}
Arsenic {EPA 6010}
Arsenic {EPA 6020}
Barium {EPA 6010}
Barium {EPA 6020}
Beryllium {EPA 6010}
Beryllium {EPA 6020}
Boron {EPA 6010}
Cadmium {EPA 6010}
Cadmium {EPA 6020}
Calcium {EPA 6010}
Chromium {EPA 6010}
Chromium {EPA 6020}
Chromium, VI {EPA 7196}
Cobalt {EPA 6010}
Cobalt {EPA 6020}
Copper {EPA 6010}
Copper {EPA 6020}
Iron {EPA 6010}

Lead {EPA 6010}

Lead {EPA 6020}
Magnesium {EPA 6010}
Manganese {EPA 6010}
Manganese {EPA 6020}
Mercury {EPA 7470}
Mercury {EPA 7471}
Molybdenum {EPA 6010}
Nickel {EPA 6010}
Nickel {EPA 6020}
Potassium {EPA 6010}
Selenium {EPA 6010}
Selenium {EPA 6020}
Silver {EPA 6010}
Silver {EPA 6020}
Sodium {EPA 6010}
Thallium {EPA 6010}
Thallium {EPA 6020}
Tin {EPA 6010}
Titanium {EPA 6010}
Vanadium {EPA 6010}
Vanadium {EPA 6020}
Zinc {EPA 6010}

Zinc {EPA 6020}

**MINERALS
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Bromide {EPA 9056}
Chloride {EPA 9056}
Fluoride {EPA 9056}
Sulfate {EPA 9038}

Sulfate {EPA 9056}

**MISCELLANEOUS

Cyanide {EPA 9012}

Cyanide, Amenable to CL {EPA 9012}
Hydrogen Ion (pH) {EPA 9040}
Hydrogen Ion (pH) {EPA 9045}

Paint Filter Liquids Test {EPA 9095}
Phenolics {EPA 9066}

**NUTRIENTS
Nitrate {EPA 9056}
Nitrite {EPA 9056}

**OQRGANIC CHEMISTRY VOLATILES (MEASURE VENT BY: GC) e
{EPA 8015} 1-Propanol &

{EPA 8015} Ethanol
{EPA 8015} Ethylene glycol B
{EPA 8015} Isobutyl Alcohol::
{EPA 8015} Isopropanol
{EPA 8015} Methanol
{EPA 8015} n-Butyl alcohol
{EPA 8021} Benzene

{EPA 8021} Ethylbenzene
{EPA 8021} meta-Xylene
{EPA 8021} ortho-Xylene
{EPA 8021} para-Xylene
{EPA 8021} Toluene

**QRGANIC CHEMISTRY VOLATILES (MEASUREMENT BY GCIMS)
{EPA 8260} 1,1-Dichloroethane

{EPA 8260} 1,1-Dichloroethene

{EPA 8260} 1,1-Dichloropropene.

{EPA 8260} 1,1,1-Trichloroethane .
{EPA 8260} 1,1,1, 2—Tetrﬂchloroethnne
{EPA 8260} 1,1,2-Trichloroethaie’
{EPA 8260} 1,1,2 Z-Tetrachloroethnq
{EPA 8260} 1,2:Dichlorobenzene -
{EPA 8260} 1,2-Dichloroethane
{EPA 8260} 1,2-Dichloropropane
{EPA 8260} 1,2,3-Trichlorobenzene
{EPA 8260} 1,2,3-Trichloropropane
{EPA 8260} 1,2,4-Trichlorobenzene
{EPA 8260} 1,2,4-Trimethylbenzene
{EPA 8260} 1,3-Dichlorobenzene
{EPA 8260} 1,3-Dichloropropane
{EPA 8260} 1,3,5-Trimethylbenzene
{EPA 8260} 1,4-Dichlorobenzene
{EPA 8260} 1,4-Dioxane

{EPA 8260} 2-Chloro-1,3-butadiene
{EPA 8260} 2-Chloroethyl vinyl ether
{EPA 8260} 2-Chlorotoluene

{EPA 8260} 2-Hexanone

{EPA 8260} 2,2-Dichlorepropane

{EPA 8260} 4-Chlorotoluene

{EPA 8260} 4-Isopropyltoluene

{EPA 8260} 4-Methyl-2-Pentanone (MIBK)
{EPA 8260} Acetone

{EPA 8260} Acetonitrile

{EPA 8260} Acrolein
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{EPA 8260} Acrylonitrile
{EPA 8260} Allyl Chloride
{EPA 8260} Benzene
{EPA 8260} Bromobenzene
{EPA 8260} Bromochloromethane
{EPA 8260} Bromodichloromethane
{EPA 8260} Bromoform
{EPA 8260} Bromomethane (Methyl bromide)
{EPA 8260} Carbon disulfide
{EPA 8260} Carbon tetrachloride
{EPA 8260} Chlorobenzene
{EPA 8260} Chloroethane
{EPA 8260} Chloroform
{EPA 8260} Chloromethane (Methyl chloride)
{EPA 8260} cis-1,2-Dichloroethylene
{EPA 8260} cis-1,3-Dichloropropene
{EPA 8260} Dibromochloromethane
{EPA 8260} Dibromomethane
{EPA 8260} Dichlorodifluoromethane oA
{EPA 8260} Dichloromethane (Methylene chlorlde)
{EPA 8260} Diethyl ether
{EPA 8260} Ethyl acetate
{EPA 8260} Ethyl methacrylate.
{EPA 8260} Ethylbenzene ;7% )
{EPA 8260} Ethylene dibromide (EDB, 1 Z-Dxbromoethaue)
{EPA 8260} Hexachlorobutadiene : o .
{EPA 8260} Iodomethane
{EPA 8260} Isobutyl Alcohol
{EPA 8260} Isopropylbenzene
{EPA 8260} meta-Xylene
{EPA 8260} Methacrylonitrile
{EPA 8260} Methyl ethyl ketone: :
{EPA 8260} Methyl tert-butyl ether (MTBE)
{EPA 8260} Methylmethacrylate
{EPA 8260} n-Butyl alcohol
{EPA 8260} n-Butylbenzene
{EPA 8260} n-Propylbenzene.
{EPA 8260} Naphthalene
{EPA 8260} ortho-Xylene
{EPA 8260} para-Xylene
{EPA 8260} Propionitrile
{EPA 8260} sec-Butylbenzene
{EPA 8260} Styrene
{EPA 8260} t-Butyl alcohol
{EPA 8260} tert-Butylbenzene
{EPA 8260} Tetrachloroethene (Perchloroethylene)
{EPA 8260} Toluene
{EPA 8260} trans-1,2-Dichloroethylene
{EPA 8260} trans-1,3-Dichloropropene
{EPA 8260} trans-1,4-Dichloro-2-butene
{EPA 8260} Trichloroethene (Trichloroethylene)
{EPA 8260} Trichlorofluoromethane
{EPA 8260} Vinyl Acetate
{EPA 8260} Vinyl chloride

**ORGANIC CHEMISTRY (MEASUREMENT BY GC)
{EPA 8011} Dibromochloropropane (DBCP)
{EPA 8011} Ethylene dibromide (EDB, 1,2-Dibromoethane)
{EPA 8081} 4,4'-DDD
{EPA 8081} 4,4-DDE
{EPA 8081} 4,4'-DDT
{EPA 8081} Aldrin
{EPA 8081} alpha-BHC (alpha-Hexachlorocyclohexane)
{EPA 8081} alpha-Chlordane
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{EPA 8081} beta-BHC (beta-Hexachlorocyclohexane)
{EPA 8081} Chlordane (Tech)
{EPA 8081} delta-BHC
{EPA 8081} Dieldrin
{EPA 8081} Endosulfan I
{EPA 8081} Endosulfan IT
{EPA 8081} Endosulfan Sulfate
{EPA 8081} Endrin
{EPA 8081} Endrin aldehyde
{EPA 8081} Endrin ketone
{EPA 8081} g-Chlordane
{EPA 8081} gamma-BHC (Lindane, gamma-Hexachlorocyclohexane)
{EPA 8081} Heptachlor
{EPA 8081} Heptachlor epoxide
{EPA 8081} Methoxychlor
{EPA 8081} Toxaphene
{EPA 8082} PCB-1016
{EPA 8082} PCB-1221
{EPA 8082} PCB-1232
{EPA 8082} PCB-1242
{EPA 8082} PCB-1248
{EPA 8082} PCB-1254
{EPA 8082} PCB-1260
{EPA 8141} Atrazine
{EPA 8141} Azinphos-methyl (Gutluon)
{EPA 8141} Chlorpyrifos
{EPA 8141} Chlorpyrifos methyl
{EPA 8141} Demeton-o
{EPA 8141} Demeton-s
{EPA 8141} Diazinon
{EPA 8141} Dichloroves (DDVP, chhlorvos)
{EPA 8141} Dimethoate !
{EPA 8141} Disulfoton
{EPA 8141} Famphur
{EPA 8141} Malathion
{EPA 8141} Merphos
{EPA 8141} Naled .
{EPA 8141} Parathion ethyl
{EPA 8141} Parathion methyl .
{EPA 8141} Phorate
{EPA 8141} Ronnel
{EPA 8141} Simazine
{EPA 8141} Stirophos
{EPA 8141} Terbufos
{EPA 8151} 2,4-D
{EPA 8151} 2,4-DB
{EPA 8151} 2,4,5-T
{EPA 8151} 2,4,5-TP (Silvex)
{EPA 8151} 3,5-Dichlorobenzoic acid
{EPA 8151} 4-Nitrophenol
{EPA 8151} Aciflurofen
{EPA 8151} Bentazon
{EPA 8151} Chloramben
{EPA 8151} Dalapon
{EPA 8151} DCPA Di-Acid
{EPA 8151} Dicamba
{EPA 8151} Dichlorprop
{EPA 8151} Dinoseb (2-sec-butyl-4,6-dinitrophenol, DNBP)
{EPA 8151} MCPA
{EPA 8151} MCPP
{EPA 8151} Pentachlorophenol
{EPA 8151} Picloram

**QRGANIC CHEMISTRY (MEASUREMENT BY GC/MS)
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{EPA 8270} 1-Naphthylamine
{EPA 8270} 1,2-Dichlorobenzene
{EPA 8270} 1,2-Diphenylhydrazine
{EPA 8270} 1,2,4-Trichlorobenzene
{EPA 8270} 1,2,4,5-Tetrachlorobenzene
{EPA 8270} 1,3-Dichlorobenzene
{EPA 8270} 1,3-Dinitrobenzene
{EPA 8270} 1,4-Dichlorobenzene
{EPA 8270} 1,4-Naphthoquinone
{EPA 8270} 1,4-Phenylenediamine
{EPA 8270} 2-Acetylaminofluorene
{EPA 8270} 2-Chloronaphthalene
{EPA 8270} 2-Chlorophenol
{EPA 8270} 2-Methyl-4,6-Dinitrophenol
{EPA 8270} 2-Methylnaphthalene
{EPA 8270} 2-Methylphenol (0~Cresol)
{EPA 8270} 2-Naphthylamine
{EPA 8270} 2-Nitroaniline
{EPA 8270} 2-Nitrophenol
{EPA 8270} 2-Picoline e
{EPA 8270} 2,3,4 6-Tetrachlorophexml
{EPA 8270} 2 4-chhlorophenol 5
{EPA 8270} 2,4- Dlmethylpheno]
{EPA 8270} 2,4-Dinitrophenol
{EPA 8270} 2,4-Dinitrotoluene (2 4-DNT)
{EPA 8270} 2,4,5-Trichlorophenol -
{EPA 8270} 2,4,6-Trichlorophenol ’ -
{EPA 8270} 2,6-Dichlorophenal =
{EPA 8270} 2,6-Dinitrotoluene .
{EPA 8270} 3-Methylcholanthrene . -
{EPA 8270} 3-MethyIphenol (m-Cresol)
{EPA 8270} 3-Nitroaniline e
{EPA 8270} 3,3'-Dichlorobenzidine .
{EPA 8270} 3,3'-Dimethylbenzidine : -’
{EPA 8270} 4-Aminobiphenyl
{EPA 8270} 4-Bromophenyl phenyl ether
{EPA 8270} 4-Chloro-3-methylphenol
{EPA 8270} 4-Chloroaniline
{EPA 8270} 4-Chlorophenyl phenyl ether
{EPA 8270} 4-Methylphenol (p-Cresol)
{EPA 8270} 4-Nitroaniline P
{EPA 8270} 4-Nitrophenol
{EPA 8270} 5-Nitro-o-tolnidine ? SE
{EPA 8270} 7 lZ-Dlmethylbenz(a)anthracene :
{EPA 8270} Acenaphthene
{EPA 8270} Acenaphthylene
{EPA 8270} Acetophenone
{EPA 8270} alpha-alpha-Dimethylphenethylamine
{EPA 8270} Aniline
{EPA 8270} Anthracene
{EPA 8270} Aramite
{EPA 8270} Benzidine
{EPA 8270} Benzoic acid
{EPA 8270} Benzo(a)anthracene
{EPA 8270} Benzo(a)pyrene
{EPA 8270} Benzo(b)fluoranthene
{EPA 8270} Benzo(g,h,i)perylene
{EPA 8270} Benzo(k)fluoranthene
{EPA 8270} Benzyl alcohot
{EPA 8270} Bis(2-chloroethoxy)methane
{EPA 8270} Bis(2-chloroethyl)ether
{EPA 8270} Bis(2-chloroisopropyl)ether
{EPA 8270} Bis(2-ethylhexyl)phthalate
{EPA 8270} Butyl benzyl phthalate

77



Nutrients/Diel Dissolved Oxygen Pilot Study Work Plan
B-033-OWQ -WAP-PRB-17-W-R0

KANSAS DEPARTMENT OF HEALTH AND ENVIRONMENT PAGE: 6
ENVIRONMENTAL LABORATORY ACCREDITATION
RCRA PROGRAM - NON-POTABLE WATER AND SOLID/CHEMICAL WASTE MATRICES

{EPA 8270} Chlorobenzilate

{EPA 8270} Chrysene

{EPA 8270} Di-n-butyl phthalate

{EPA 8270} Di-n-octyl phthalate

{EPA 8270} Diallate

{EPA 8270} Dibenzofuran

{EPA 8270} Dibenzo(a,h)anthracene

{EPA 8270} Diethyl phthalate

{EPA 8270} Dimethoate

{EPA 8270} Dimethyl phthalate

{EPA 8270} Dimethylaminoazobenzene

{EPA 8270} Diphenylamine

{EPA 8270} Disulfoton

{EPA 8270} Ethyl methanesulfonate

{EPA 8270} Famphur

{EPA 8270} Fluoranthene

{EPA 8270} Fluorene

{EPA 8270} Hexachlorobenzene

{EPA 8270} Hexachlorobutadiene i
{EPA 8270} Hexachlorocyclupentadlene S L
{EPA 8270} Hexachloroethane .
{EPA 8270} Hexachlorophene = .

{EPA 8270} Hexachloropropene : "

{EPA 8270} Indeno(1,2,3-cd) pyrene

{EPA 8270} Isodrin

{EPA 8270} Isophorone

{EPA 8270} Isosafrole

{EPA 8270} Kepone

{EPA 8270} Methapyrilene

{EPA 8270} Methylmethanesulfonate
{EPA 8270} N-nitroso-di-n-butylamine (NDBA)
{EPA 8270} N-nitroso-di-n-propylaniine (NDPA)
{EPA 8270} N-nitrosodiethylamine (NDEA) ..
{EPA 8270} N-nitrosodimethylamine (NDMA)
{EPA 8270} N-Nitrosodiphenylamine )
{EPA 8270} N-Nitrosomethylethylamine

{EPA 8270} N- Nitrosomorpholine

{EPA 8270} N-Nitrosopiperidine .
{EPA 8270} N-Nitrosopyrrolidine "
{EPA 8270} Naphthalene 25
{EPA 8270} Nitrobenzene

{EPA 8270} Nitroquinoline-1- oxnde

{EPA 8270} o-Toluidine

{EPA 8270} 0,0 O-Tnethylphosphorothxoate

{EPA 8270} Parathion ethyl

{EPA 8270} Parathion methyl

{EPA 8270} Pentachlorobenzene

{EPA 8270} Pentachloronitrobenzene (PCNB)

{EPA 8270} Pentachlorophenol

{EPA 8270} Phenacetin

{EPA 8270} Phenanthrene

{EPA 8270} Phenol

{EPA 8270} Phorate

{EPA 8270} Pronamide (Kerb)

{EPA 8270} Pyrene

{EPA 8270} Pyridine

{EPA 8270} Safrole

{EPA 8270} Tetraethyl dithiopyrophosphate (Sulfotepp)
{EPA 8270} Thionazine

**SUPPLEMENTAL
{EPA 8015} Propylene Glycol
{EPA 8260B} Xylene (total)
{EPA 8260} 1,1,2-Trichlore-1,2,2-trifluoroethane
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{EPA 8260} 1,3,5-Trichlorobenzene
{EPA 8270C} Carbazole
{EPA 8270} 1-Methylnaphthalene

#TOTAL PETROLEUM HYDROCARBONS
{EPA 8015} DRO
{EPA 8015} GRO

End of Parameter List
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Appendix 2. Onset HOBO® Dissolved Oxygen Logger (U26-001)
Manual
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HOBOZ® Dissolved Oxygen Logger (U26-001) Manual

Data Loggers

HOBO Dissolved Oxygen Logger with Included
Calibration Boot and Sponge (Shown Wet in Photo)

HOBO Dissolved Oxygen Logger

U26-001

Included Items:

e Dissolved Oxygen

Sensor Cap
e Protective Guard

e Calibration Boot and
Sponge

Required Items:

e Coupler (COUPLER-2-C)
with USB Optic Base
Station (BASE-U-4) or
HOBO Waterproof Shuttle
(U-DTW-1)

e HOBOwarePro3.3.10r
later

Accessories:

e Replacement Dissolved
Oxygen Sensor Cap
(U26-RDOB-1)

e Anti-Fouling Guard
(U26-GUARD-2)

e Sodium Sulfite
(U26-CAL-SOL)

You May Also Need:

e For saltwater, salinity or
conductivity measurements
are required; HOBO
Conductivity/Salinity Logger
(U24-002-C) recommended

e For percent saturation,
barometric pressure is
required; HOBO Water
Level Logger (U20-001-0x
or U20L-0x) recommended

The HOBO Dissolved Oxygen logger is a standalone logger that uses RDO® Basic Technology to

Specifications

measure dissolved oxygen (DO). The logger has an optical sensor that provides 0.2 mg/L
accuracy. The logger also features an easily replaceable sensor cap and an integrated
temperature sensor. Using HOBOware® software for logger setup and a HOBO Waterproof
Shuttle for quick data offload, this logger is easy to deploy in both freshwater and saltwater
environments making it an ideal tool for environmental impact studies as well as ecological
and oceanographic research. Using the data offloaded from the logger, the HOBOware
Dissolved Oxygen Assistant can calculate percent saturation and salinity-adjusted DO
concentration as well as correct for measurement drift from fouling (additional meter or
logger measurements required).

Dissolved Oxygen
Sensor Type Optical (dynamic luminescence quenching)
Measurement Range 0to 30 mg/L

Calibrated Range

0to 20 mg/L; 0 to 35°C (32 to 95°F)

Accuracy +0.2 mg/L up to 8 mg/L; +0.5 mg/L from 8 to 20 mg/L
Resolution 0.02 mg/L
Response Time To 90% in less than 2 minutes
DO Sensor Cap Life 6 months (cap expires 7 months after initialization)
Temperature

Temperature Measurement/ -51040°C (2310 104 F), non-1reezing

Operating Range

Temperature Accuracy 0.2°C(0.36°F)

Temperature Resolution

0.02°C(0.04°F)

Response Time To 90% in less than 30 minutes
Logger
Memory 21,700 sets of DO and temperature measurements (64 KB total

memory); logging stops when memory fills

Logging Rate

1 minute to 18 hours

Time Accuracy

+1 minute per month at 0 to 50°C (32 to 122°F) (see Plot A)

Battery 3.6 V lithium battery; factory replaceable

Battery Life 3 years (at 5 minute logging)

Download Type Optical

Depth Rating 100 m (328 ft)

Wetted Materials Black Delrin®, PVC, EPDM o-rings, silicon bronze screws; rated
for saltwater use

Size 39.6 mm diameter x 266.7 mm length (1.56 x 10.5 inches);
mounting hole 7.88 mm (0.31 inches)

Weight 464 g (16.37 0z)

The CE Marking identifies this product as complying with all relevant

( gives in the European Union (EU).

Timebase Error (PPM)

Temperature °C

Plot A: Time Accuracy

15603-F MAN-U26x



HOBO Dissolved Oxygen Logger (U26-001) Manual

Logger Components and Operation

Communications Cap/Lanyard

Temperature Sensor
(Inside Logger Housing)
Hole

Mounting

Protective Guard
Alignment Not
for Coupler

Communications Cap/Lanyard. This removable cap protects the
optical communications window. An LED in the communications
window of the logger confirms logger operation.
When the logger is logging, the LED blinks once every four seconds.
The LED also blinks when the logger is recording a sample. When the
logger is awaiting a start because it is configured to start “At
Interval,” “On Date/Time,” or “Using Coupler,” the LED blinks once
every eight seconds until logging begins. See Connecting the Logger
to a Computer or Waterproof Shuttle for details on using the
communications window.

Mounting Hole. Use the hole on the communications cap to mount
the logger. See Deploying the Logger for more information.

Alignment Notch for Coupler. Use this notch to align the coupler
when communicating with the logger. See Connecting the Logger to
a Computer or Waterproof Shuttle for more information.

DO Sensor. This optical sensor measures dissolved oxygen using
RDO® Basic Technology. It is shipped with a red dust cap that must
be replaced with a green sensor cap that lasts for six months plus a
one-month grace period. See Installing the Sensor Cap for more
details.

Protective Guard. This removable guard protects the DO
sensor. Unscrew it to install or replace the sensor cap as
needed. See Installing the Sensor Cap for more details.

Temperature Sensor. This built-in sensor (not visible in diagram)
measures temperature.

\AA]ING: This logger can be damaged by mechanical shock.
Always handle the logger with care. The logger may be
damaged if it is dropped. Use proper packaging when
transporting or shipping the logger.

Do not attempt to open the logger case or sensor housing.
Disassembling of the logger case or sensor housing will cause
serious damage to the sensor and logger electronics. There are
no user-serviceable parts inside the case. Contact Onset
Technical Support at 1-800-LOGGERS (1-800-564-4377) or an
authorized Onset dealer if your logger requires servicing.

1-800-LOGGERS

Installing the Sensor Cap

The logger ships with a replaceable sensor cap that provides six
months of continuous use. Once the cap is initialized, an internal
clock within the logger will count down until the sensor cap
expiration date. When the sensor cap expires, you will need to
replace it with a new cap (U26-RDOB-1). The sensor cap is
intended for six months of actual deployment, but the expiration
date is seven months from the date the cap was initialized. This
allows for any time needed between launching the logger and
physically deploying as well as extra time in case you are not able
to get the logger after exactly six months of deployment. To
install the sensor cap:

1. Unscrew the protective guard covering the DO sensor (see
diagram at left).

2. Remove the red dust cap that protects the sensor during
shipping.
3. Take the green sensor cap out of the canister.

4. With the flat part of the DO sensor pointing down and the
the green sensor cap oriented with the arrow up, slide the
sensor cap over the sensor until it snaps in place. The cap
should be snug against the logger housing without any gaps.

Sensor cap with arrow
positioned up; slide over DO
sensor until it snaps in place

5. Screw the external protective guard back on until tight.

IMPORTANT: The sensor cap expires 7 months (to the day) after it
has been initialized. The logger will record a value of - 888 mg/L
at each logging interval after the cap has expired. Initialization
loccurs automatically when the cap is installed while the logger is
logging. You can also initialize it from the Status window in
HOBOware or when using the Lab Calibration tool. To see when
the sensor cap expires after being initialized, check the Status in
HOBOware for the expiration date. The cap also has a shelf life;
check the “Install By” date printed on the canister.

Connecting the Logger to a Computer or
Waterproof Shuttle

To connect the logger to a computer, use either the Optic USB

Base Station (BASE-U-4) or HOBO Waterproof Shuttle (U-DTW-

1) with a coupler (COUPLER2-C). To launch and read out the
logger in the field, use one of these three methods:

e Laptop computer with Optic USB Base Station (BASE-U-4)
and coupler (COUPLER2-C)

¢ HOBO Waterproof Shuttle (U-DTW-1, Firmware Version
3.2.0 or later) and coupler (COUPLER2-C)
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e HOBO U-Shuttle (U-DT-1, Firmware Version 1.16 or later)
with Optic USB Base Station and coupler (COUPLER2-C)

IMPORTANT: USB 2.0 specifications do not guarantee
loperation outside the range of 0°C (32°F) to 50°C (122°F).

In the three-step procedure, the logger is first calibrated to 100%
saturation by placing it in water-saturated air. Then, you can calibrate
the logger to 0% saturation by placing it in sodium sulfite or another 0%
oxygen environment (recommended if the

logger will be deployed in water with DO levels of 4 mg/L or less).

1. Follow the instructions that came with your base station or
Waterproof Shuttle to attach it to a USB port on the
computer.

2. Unscrew the pointed cap on the communications end of the
logger.

3. Attach the coupler to the base station or shuttle.

4. Insert the logger into the coupler, aligning the bump/arrow
on the coupler with the notches on the logger. Be sure that
it is properly seated in the coupler. If the logger has never
been connected to the computer before, it may take a few
seconds for the new hardware to be detected by the
computer. Note: If you are using the HOBO Waterproof
Shuttle as a base station with a computer, briefly press the
coupler lever to put the shuttle into base station mode. A
green LED on the shuttle or base station indicates good
communication.

Notches in logger; use to align with bump in
coupler

Bump on coupler

To base station

Coupler lever

or shuttle

5. After logger communications are complete, remove the
logger from the coupler. Make sure the o-ring is still in the
groove inside the cap and then reinstall the
communications cap.

IMPORTANT: When connected to a coupler, the loggeris “awake”
and consumes significantly more power than when it is
disconnected and considered “asleep.” The logger will
automatically “go to sleep” after being left in the coupler for 30
minutes. It will no longer appear as a USB device connected to the
computer. If this occurs, remove it from the coupler and start the
instructions to connect the logger to a computer or waterproof
shuttle over again.

Calibrating the Logger with the Lab Calibration
Tool

Use the Lab Calibration tool in HOBOware when you need to
calibrate the logger before deploying it or after replacing an
expired sensor cap. The tool sets the gain and offset adjustment
values for the logger by:

e Restoring logger calibration values to the factory defaults,

e Using your own gain and offset adjustment values, or

1-800-LOGGERS

IMPORTANT: Lab calibration only affects future launches; any
data saved in the logger will be based on the previous
calibration values. If the sensor cap is installed and it has not yet
been initialized, you will be prompted to do so. Follow the
instructions on the screen.

To complete these steps, you will need fresh water, the calibration
boot and sponge supplied with the logger, and a source for current
barometric pressure at your current location. You will also need
sodium sulfite solution and a 7.6 cm (3 inch) beaker if you will be
calibrating to 0% saturation.

The fresh water, logger, and sodium sulfite (if applicable) should be
left out in the lab where the calibration is being done long enough so
that they are at room temperature. If the logger was deployed
previously, make sure the sensor is clean and dry (see Maintenance
for more details). To use the Lab Calibration tool:

1. Connect the logger to the computer as described in the
previous section. Stop the logger if it is currently logging or
awaiting a coupler or delayed start.

2. From the Device menu, click Lab Calibration.

3. The current gain and offset adjustments are displayed in the
top pane of the Lab Calibration window along with the date
and time the last lab calibration was completed (if
applicable). Completing Steps 1 through 3 in the Lab
Calibration tool will result in new gain and offset adjustment
values based on the current logger conditions. Continue  to
the next section for details on how to complete

these steps.

e (Calculating the values with a 3-step calibration procedure.
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If you already know what the gain and offset values should be
(for example, the values from a previous calibration that you
want to use again) or want to return to the default factory
values, click the “I know my values, skip to Finish” button. This
will automatically move you to “Step 3: Finish” in the Lab
Calibration window. Either click the “Reset to Factory Defaults”
button or type in the desired gain adjustment and offset
adjustment values and click the “Send Calibration to the Logger”
button. Note: If you decide you do not need to change the
calibration, click Close to cancel the calibration and revert back
to the last saved logger values.

Step 1: 100% Saturation

1. In “Step 1: 100% Saturation” in the Lab Calibration
window, enter the barometric pressure for your current
location. If the barometric pressure reading has been
adjusted for sea level (such as a reading taken from the
National Weather Service weather station), select the “If
using sea level barometric pressure, enter elevation”
checkbox and enter your elevation in either meters or
feet.

2. Make sure the logger either has the protective guard or
the anti-fouling guard installed (whichever guard you

plan to use in the deployment) so that the sensor is
covered.
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3. Wet the small sponge with fresh water. Squeeze out any
excess water.

4. Place the sponge in the end of the calibration boot.

5. Insert the logger in the calibration boot so that there is
approximately a 1 cm (0.5 inch) overlap between the end of
the boot and the body of the logger. This will ensure there
is enough space between the end of the logger and the
sponge (the logger should not be pressed up tightly against
the sponge).

6. Wait for approximately 15 minutes until the logger reaches
temperature equilibrium (and less than 30 minutes so the
logger does not go to sleep).

7. Click the “Get DO value from the logger” button to display
the 100% saturation results. You can click this button as
often as needed. The results are updated each time you

click the button. To check for equilibrium, click the “Get DO
value from the logger” button several times in a row to
check the current “DO Conc from logger at 100%
Saturation” value. If the value remains the same or varies
very little with each button click, then temperature
equilibrium has likely been reached.

8. When you are satisfied with the results displaying in the
“Step 1: 100% Saturation” tab, click the Next button to
proceed to “Step 2: 0% Saturation.”

Step 2: 0% Saturation (optional)

If the logger will be deployed in water with DO levels greater
than 4 mg/L, click the “Skip this Step” button. Otherwise,
continue with the following procedure.

1. Make sure the logger either has the protective guard or the
anti-fouling guard installed (whichever guard you plan to
use in the deployment) so that the sensor is covered.

2. Pour the sodium sulfite into the beaker so that it is about
two-thirds full.

3. Place the sensor end of the logger into the solution so that
the entire protective guard or anti-fouling guard and at
least 2.5 cm (1 inch) of the logger body are submerged in
the beaker. Allow it to rest on the bottom of the beaker.

4. Wait for approximately 15 minutes until the logger reaches
temperature equilibrium (and less than 30 minutes so the
logger does not go to sleep).

5. Click the “Get DO value from the logger” button to display
the 0% saturation results. As with the 100% calibration, you
can click this button as often as needed. The results are
automatically updated each time you click the button. If the
value remains the same or varies very little with each button
click, then temperature equilibrium has likely been reached.

6. When you are satisfied with the results displaying in the
“Step 2: 0% Saturation” tab, click the Next button to
proceed to “Step 3: Finish.”

Step 3: Finish

The results from the first two steps are displayed as well as the
overall calibration results and the new gain and offset adjustment
values. If you are satisfied with the results, click the “Send
Calibration to Logger” button. The logger will then be calibrated
based on the new values. These values will not take
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effect until the logger is launched. If you do not want to save
these values, click Close to cancel the calibration and revert back
to the last saved logger values. Or, click “Reset to Factory
Defaults” to return to the original values. If you performed Step 2,
then remove the logger from the solution and thoroughly rinse it
with fresh water to remove any excess sodium sulfite. See
Maintenance for additional details on cleaning the logger.

Launching the Logger

After calibrating the logger, it needs to be launched to configure
it before taking it to the field for deployment. Once launched, the
logger will record two types of data: samples and events. Samples
are the sensor measurements recorded at each logging interval.
Events are independent occurrences triggered by a logger activity,
such as Bad Battery or Host Connected. Events help you
determine what was happening while the logger was logging. To
launch the logger:

1. With the logger connected to the computer, open
HOBOware. From the Device menu, select Launch.

2. Select both the DO and Temperature channels to log. Note:
HOBOware provides the option of recording the current
battery voltage at each logging interval, which is disabled by
default. Recording battery life at each logging interval takes
up memory and therefore reduces logging duration. It is
recommended that you only record battery voltage for
diagnostic purposes. Even with the channel disabled, a bad
battery event will still be recorded.

3. Select a logging interval.
4. Choose when to start logging and click the Start button.

5. Remove the logger from the coupler and screw the
communications cap back on the logger.

IMPORTANT: If this is the first launch with a new sensor cap, the

sensor cap will expire six months (plus a one-month grace

period) from the time of the first sensor reading. Two caps per
ear are required for year-round deployment.

Deploying the Logger
The logger is designed to be easy to deploy in many
environments. Follow these guidelines when deploying it:

e Remove the calibration boot before deploying the logger.

e Make sure the logger is located where it will receive an
unrestricted flow of the water being monitored to the
sensor.

e Make sure the logger is fully submerged and not in direct
sunlight to minimize temperature changes that are
unrelated to water temperature.

e When deploying the logger in rivers, streams, and ponds,
insert the logger in a PVC or ABS pipe for protection from
debris (if possible). The pipe should have enough holes to
ensure good circulation of water to the sensor.

e If possible, position the logger so the sensor face is
oriented vertically. After deploying in the water, move
the logger around slightly to eliminate any bubbles that
may have formed.
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e Do not deploy the logger in freezing water with moving ice
where the logger could be crushed.

e Use the optional anti-fouling guard to protect against
fouling. Unscrew the protective guard and replace it with
the anti-fouling guard.

o [f fouling is expected during deployment, use field
calibration readings from both the beginning and end of
the deployment as described in the next section. These
readings can then be entered into the HOBOware
Dissolved Oxygen Assistant to compensate for any
measurement drift due to fouling. Scrub fouling off the
logger with a plastic bristle brush.

e When deploying the logger in saltwater with small changes
in salinity, you will need a conductivity or salinity value
from either a conductivity meter or salinometer to enter
in the Dissolved Oxygen Assistant to adjust the data from
the logger for salinity. A single meter reading will add less
than 1.1% DO error (assuming the conductivity changes
are within 3,000 puS/cm from the calibration point).

If the conductivity changes, then you will need a data file with
salinity or specific conductivity readings for the entire
deployment. Consider deploying a HOBO Conductivity logger
(U24-002-C) next to this DO logger to use the resulting data file
for salinity data. For U24-002-C conductivity readings within a
+30,000 pS/cm range, there will be less than 4% error added to
the DO measurements, and for readings over a narrower range,
the accuracy will be even better. Refer to the HOBO Conductivity
Logger (U24-002-C) Manual for more details. For applications that
require higher accuracy conductivity data than the U24-002-C can
provide, use a third-party conductivity logger.

e To generate a percent saturation series, you will need to
deploy a barometric pressure logger (such as a HOBO
Water Level Logger, U20-001-0x or U20L-0x) or have
access to a nearby weather station to gather barometric
pressure data. This data is necessary for the Dissolved
Oxygen Assistant to calculate percent saturation.

Taking Field Calibration Readings

If fouling is expected during the deployment, you can take
calibration readings at the beginning and end of the deployment
to enter in the Dissolved Oxygen Assistant. This will adjust the data
from the logger to compensate for any measurement drift due to
fouling. There are two methods for taking field calibration
readings: the first method involves taking readings using a
dissolved oxygen meter or titration while the second method
involves calibrating the logger in 100% water-saturated air.
The first method is recommended because it is quicker to get the
necessary calibration readings; the second method can take 40
minutes or more to achieve equilibrium with temperature
extremes.

To Take Calibration Readings Using a DO Meter or Titration:

1. The logger must be logging. Take a DO measurement of the
water where the logger is being deployed using either a DO
meter or by titration. If using a meter, make sure it is

1-800-LOGGERS

calibrated and allow time for the meter probe to stabilize (this will
occur when three meter measurements taken ina row are within
your accuracy tolerance).

If the logger is being deployed in saltwater, adjust the meter
measurements for salinity using a meter with both conductivity
and DO probes. If the saltwater has a constant salinity, you can
use a DO meter where you can enter that salinity value to adjust
the readings. If the salinity and/or DO are changing rapidly, then
you will need to get a sample of the water in a container large
enough for both the logger and meter probe to be completely
submerged. Place both devices in the water long enough for them
to stabilize and then for the DO logger to log at least two values,
and take a concurrent meter reading.

2. Record the reading, date, and time of the measurementin a
field notebook.

3. Atthe end of the deployment, repeat steps 1 and 2.
To Take Calibration Readings Using 100% Water-Saturated Air:

1. The logger must be logging. You will need fresh water, the
included calibration boot and sponge, and the current
barometric pressure from a HOBO U20 or U20L Water Level
logger, a barometer, or a nearby weather station.

2. Ifthe logger has been in salt water, clean the logger body
and sensor cap as described in the Maintenance section.
Make sure the sensor cap is dry before continuing.

3. Make sure the protective guard or anti-fouling guard is
installed on the logger.

4. Wet the small sponge with fresh water. Squeeze out any
excess water.

5. Place the sponge in the end of the calibration boot.

6. Insert the logger in the calibration boot so that there is
approximately a 1 cm (0.5 inch) overlap between the end of
the boot and the body of the logger. This will ensure there
is enough space between the end of the logger and the
sponge (the logger should not be pressed up tightly against
the sponge).

7. Allow at least 40 minutes for the logger to reach
temperature equilibrium, and then write down the date and
time in a field notebook.

8. Write down the barometric pressure at that time (note the
elevation if the barometric reading has been adjusted for
sea level).

9. Repeat these steps at the end of the deployment.

Reading Out the Logger and Redeploying
Your readout and maintenance schedule will be determined by the
amount of fouling at the site. To read out the logger in the field:

1. Take afield calibration reading as described in the Taking
Field Calibration Readings section.

2. Ifthe logger was in saltwater and you did not deploy a
HOBO Conductivity Logger, then use a conductivity meter
or salinometer to take a conductivity reading. Write down

the reading and the date and time.
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3. Remove the logger from the water and read out the data
from the logger using a shuttle or computer with a base
station.

4. If you are deploying it again, clean the sensor (see
Maintenance for details).

5. Check the expiration date for your cap and make sure it will
not expire before the end of your deployment. Replace it if
needed.

6. Relaunch the logger if it is not already logging.

7. Take another field calibration reading after the logger is
cleaned.

8. Redeploy the logger.

Using the HOBOware Dissolved Oxygen
Assistant

Use the Dissolved Oxygen Assistant to obtain accurate Dissolved
Oxygen readings if the logger was deployed in a saltwater
environment or if percent saturation is required. Also use this
assistant if you took field calibration readings. The Dissolved
Oxygen Assistant is only available in HOBOware from the Plot
Setup window when you open a file from this logger. To use the
assistant:

1. Offload the most recent data files from the shuttle or logger
to your computer.

2. Open adata filein HOBOware.

3. Inthe Plot Setup window, select the Dissolved Oxygen
Assistant and click Process.

4. Inthe Dissolved Oxygen Assistant window, enter the
salinity, barometric pressure, and field calibration
information as needed. Click the Help button in the
Dissolved Oxygen Assistant for more details and to learn
about the ranges of input data allowed.

5. Plot the data and save it as a project file.

Maintenance

To clean the sensor cap:

1. Remove the protective guard or anti-fouling guard, but
leave the sensor cap on the sensor.

2. Rinse the logger with clean water from a squirt bottle or
spray bottle.

3. Gently wipe the cap with a soft-bristled brush (such as a
toothbrush) or soft cloth if biofouling is present. Use
Alconox® to remove grease.

4. If extensive debris or mineral build-up is present, soak the
cap end in vinegar for 15 minutes, then soak it in deionized
(DI) water for another 15 minutes.

5. Ifthe loggeris being immediately redeployed with the same
sensor cap, a field calibration is adequate. If a new sensor
cap is being installed, a lab calibration with HOBOware is
recommended. When storing the logger between
deployments, keep it in the calibration boot (wet the small

sponge with fresh water, place the sponge in the end of the
calibration boot, and then insert the logger in the boot.)

AWARNING: Do not use organic solvents; they will damage

the sensor. Do not remove the sensor cap from the sensor prior to

cleaning with a brush. Only clean the sensor when you replace the

sensor cap. See the full instructions that ship with the

replacement sensor cap. Do not wet the sensor optical lens area
ith water or any solution. Remove the cap and gently wipe the
indow with a soft cloth.

To clean the logger body:
1. Make sure the sensor cap is installed on the logger.

2. Gently scrub the logger body with a plastic bristle brush or
nylon dish scrubber.

3. Use Alconox® to remove grease.
4. Soakin vinegar to remove mineral deposits.

5. Rinse the logger with deionized (DI) water.

Battery Guidelines

The battery life of the logger should be three years or more. Actual
battery life is a function of the number of deployments, logging
interval, and operation/storage temperature of the logger.
Frequent deployments with fast logging intervals, continuous
storage/operation at temperatures above 35°C (95°), and keeping
the logger connected to the coupler will result in significantly lower
battery life. For example, the battery may last less than a year with
a 1-minute logging interval. To obtain a three-year battery
life, a logging interval of five minutes or greater should be used and
the logger should be operated and stored at temperatures between
0°and 25°C(32° and 77°F).

The logger can report and log its battery voltage. If the battery falls
below 3.2V, the logger will record a “bad battery” event in the
datafile. The logger will record a second “bad battery” event and
stop logging when the battery falls below 3.1 V. If the datafile
contains “bad battery” events, the logger should be returned to
Onset for battery replacement. Note the logger does not have to be
recording the battery channel for it to detect bad battery events.
The logger will record these events regardless of what channels are
logged. To have your logger’s battery replaced, contact Onset or
your place of purchase for return arrangements. Do not attempt to
replace the battery yourself. Severe damage to the logger will result
if the case is opened without special tools, and the warranty will be
voided.

AWARNING: Do not cut open, incinerate, heat above 100°C
(212°F), or recharge the lithium battery. The battery may explode
if the logger is exposed to extreme heat or conditions that could
damage or destroy the battery case. Do not dispose of the logger
lor battery in fire. Do not expose the contents of the battery to

ater. Dispose of the battery according to local regulations for
lithium batteries.

0 N s n 1-800-LOGGERS (564-4377) » 508-759-9500
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seral major functions:

Reads out all logger information (serial number, deployment number, data, etc.) from
loggers in the field for transfer to host computer, and stores each logger’s data in a
“bank”

Nonvolatile memory preserves data, even if batteries are depleted

Relaunches the logger, resetting the logger’s time to the shuttle’s time and
synchronizing the logging interval on relaunch

Can be used as an optic-to-USB base station

Can be used to read out and relaunch loggers underwater

Although the HOBO Waterproof Shuttle is easy to use, Onset strongly recommends that you spend a few minutes reading this manual and
trying out the procedures described here before taking the shuttle into the field.

Specifications
HOBO Waterproof Shuttle

Comp Ty
U-DTW-1

Included Items:

e USBcable
e Set of couplers;
= For UA Pendant
(COUPLER2-A)
= For U20 Water Level
(COUPLER2-B)

= For U20L Water Level, U22

Water Temp Pro v2, U24 Conductivity,
and U26 DO (COUPLER2-C)
= For UTBI TidbiT v2
(COUPLER2-D)

= For U23 HOBO Prov2
(COUPLER2-E)

Required Items:

e HOBOware Pro 2.2 or later
e Compatible logger and
matching coupler

Al HOBO U-Series loggers with optic USB. Not compatible with the HOBO
U-Shuttle (U-DT-1).

Data Capacity 63 logger readouts of up to 64K each

Operating Temperature 0°to 50°C (32° to 122°F)

Storage Temperature -20° to 50°C (-4° to 122°F)

Wetted Materials Polycarbonate case, EPDM o-rings and retaining loop
Waterproof To 20 m (66 feet)

Time Accuracy

+1 minute per month at 25°C (77°F); see Plot A

Logger-to-Shuttle Transfer Reads out one full 64K logger in about 30 seconds
Speed
Shuttle-to-Host Transfer Speed Full shuttle offload (4 MB) to host computer in 10 to 20 minutes,

depending on computer

Batteries 2 AA alkaline batteries required for remote operation

Battery Life One year or at least 50 complete memory fills, typical use

Weight 150 g (4 0z)

Dimensions 15.2x4.8cm (6.0 x 1.9 inches)

The CE Marking identifies this product as complying with all relevant( € directives
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HOBO Waterproof Shuttle (U-DTW-1)

HOBO Waterproof Shuttle Features

Coupler
(Pendant coupler shown)

Logger
(Pendant shown)

Center cap .
s
USBpot
Large cap

Preparing to Go on Location

Before using the shuttle for the first time, you must launch it with
HOBOware 2.2 or greater. You must also launch any compatible
loggers that were last launched with an earlier version of
HOBOware, or have never been launched at all.

1. Use HOBOware 2.2 or greater to launch each logger you
wish to read out and relaunch with the shuttle later. (Read
“Using the shuttle as a base station” for instructions if you
do not have another base station for the loggers.) The
shuttle cannot relaunch loggers that were last launched
with an earlier version of HOBOware. (You only have to do
this once for each logger.)

2. Plugthe large end of a USB interface cable into a USB port
on the computer. (Avoid using a USB hub, if possible.)

3. Unscrew the center cap on the shuttle. If the cap is too tight
to loosen by hand, insert a screwdriver through the lanyard
hole and rotate counterclockwise until the cap is loosened.

4. Plug the small end of the USB interface cable into the USB
port in the shuttle. (If the shuttle has never been connected
to the computer before, it may take a few seconds for the
new hardware to be detected.)

5. Follow the instructions in the HOBOware User’s Guide to
access the Manage Shuttle dialog. Make sure the battery
level is good, and change the batteries now if they are
weak.

Important: If you change the batteries in the field, the shuttle’s
iclock will stop, and the shuttle will not read out loggers again until
ou relaunch it in HOBOware.

6. If you are using the shuttle for the first time, launch the
shuttle as described in the HOBOware User’s Guide.
Launching synchronizes the shuttle’s clock to the host
computer and initializes the shuttle’s header.

Important: The shuttle’s clock is used to set the logger’s clock at
relaunch. For most accurate results, make sure the host
icomputer’s clock is correct before launching the shuttle. If you
need to adjust the computer’s clock, quit HOBOware, set the
icomputer’s clock, then reopen HOBOware and launch the shuttle.

Coupler lever

7. If you have used the shuttle before, make sure there are
enough banks available to accommodate the loggers you
plan to read out.

8. Disconnect the USB cable from the shuttle and replace the
center cap securely.

Reading Out and Relaunching Loggers in the
Field

After you have ensured that the shuttle’s batteries are good, there
is sufficient memory available, and the shuttle’s clock is
synchronized, follow these steps to read out and relaunch a logger
in the field:

1. Make sure the shuttle’s large cap and center cap are closed
securely. Tighten the center cap until it is just flush with the
large cap, or until the O-ring is no longer visible.

2. Make sure the communication end of the shuttle is clean.
Attach the correct coupler for the logger, and ensure that it
is seated properly.

3. Insert the logger into the coupler, following the instructions
that came with the coupler.

4. Momentarily press the coupler lever (pressing hard enough
so the lever bends).

Readout should begin immediately. The amber LED blinks
continuously while readout and relaunch are in progress. Do not
remove the logger when the amber LED is blinking.

5. After reading out the logger, the shuttle synchronizes the
logger’s clock to the shuttle’s internal clock and relaunches
the logger, using the description, channels to log, logging
interval, and other settings that are already in the logger. (If
the logger was launched with multiple logging intervals, the
final defined logging interval will be used.) The logger is
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launched with a slight delay that causes its readings to be
synchronized with those of the previous deployment, as shown in
the following diagram.

offload &
relaunch
Shuttle's reading 1 of
calculated  new deployment
reading reading delay
21145 21146 l reading 2 reading 3
10:00 10:15 10:30 10:45 1100

Important: If the logger was launched with multiple logging
intervals, there will be no synchronizing delay. The logger will
start immediately with the last defined logging interval.

6. When the relaunch has completed, the green LED blinks for
15 minutes, or until you momentarily press the coupler lever
to stop it (press hard enough so the lever bends). If the red
LED blinks instead, there was an error, and the logger may
have stopped. Refer to “Troubleshooting” in this manual for
details.

7. Remove the logger from the coupler.

Checking Shuttle Status in the Field

The shuttle’s memory has 63 “banks.” One logger readout can be
stored in each bank. To check the shuttle’s memory and batteries in
the field, remove the logger and press the coupler’s lever for at least
three seconds (pressing hard enough so the lever bends). When you
release the lever, the green LED blinks once for each unoccupied
bank in the shuttle’s memory. (Press the lever momentarily to stop
the blinking, pressing hard enough so the lever bends.)

If the shuttle’s batteries are running low, all of the shuttle banks are
full, or the clock has not been set, the red LED blinks. (Pressthe
lever momentarily to stop the blinking, pressing hard enough so the
lever bends) Use HOBOware to check the shuttle’s battery level,
available memory, and clock. You may need to change the batteries,
or offload the datafiles to the host computer and delete them from
the shuttle to free up memory before you can continue reading out
loggers.

Offloading Data to the Host Computer

You can offload the data stored in the shuttle even when the
batteries are depleted. Take the following steps:

1. Connectthe shuttle to a host computer running HOBOware.

2. Follow the instructions in the HOBOware User’s Guide to
offload the new datafiles or access the Manage Shuttle
dialog. The Manage Shuttle dialog shows you how many
banks are occupied, and whether they have already been
offloaded and saved to the host computer.

3. Offload and save data from the banks of your choice. Refer
to the HOBOware User’s Guide for details on saving
datafiles offloaded from the shuttle.

4. Review the list of banks and delete any that are no longer
needed. Make sure the battery level is good, and change
the batteries now if they are weak. (If you change the
batteries in the field, the shuttle’s clock will stop, and the

shuttle will not read out loggers.) Update the shuttle’s clock, if
necessary.

5. When finished, disconnect the shuttle from the computer
and close the center cap securely.

Using the Shuttle as a Base Station

You can use the shuttle as a base station for any U-Series logger with
an optic USB interface. (This function is available even when the
batteries are depleted.) To use the shuttle as a base station:

1. Connect the shuttle to the host computer running
HOBOware.

2. Attach a compatible logger and coupler.

3. Momentarily press the coupler’s lever (pressing hard
enough so the lever bends).

4. The amber LED blinks momentarily, then the green LED
should glow steadily to indicate that the logger is ready to
communicate with HOBOware. (If the red LED blinks instead,
the logger was not found. Make sure the logger and coupler
are aligned and seated properly, and that there is no dirt or
strong sunlight interfering with communications.)

5. When finished, remove the logger from the coupler. The
green LED stops glowing when you disconnect the logger or
the USB cable.

=3

nportant: The Waterproof Shuttle cannot be used as a base station
ith Pendant logger models UA-001 and UA-003 (including rain
gauges RG3 and RG3-M) with serial numbers less than 988278. These
gggers require a BASE-U-1 for communication with the host

mputer.

o =

Indicator Lights

Green “OK” LED

The green “OK” LED blinks when HOBOware recognizes it asa base
station; when it finishes reading out and relaunching a logger; and
when you press the coupler lever to check the shuttle’s status (see
“Checking shuttle status in the field” for details). Momentarily
press the coupler lever to stop the blinking (pressing hard enough
so the lever bends).

The green LED glows steadily when the shuttle is being used as a
base station.

Amber “Transfer” LED

The amber “Transfer” LED blinks when the shuttle is reading out a
logger and relaunching it. Do not remove the logger when the
Transfer light is lit.

Red “Fail” LED
The red “Fail” LED blinks whenever the shuttle encounters an
error condition. Refer to “Troubleshooting” for details.

All LEDs

All LEDs blink in unison when the shuttle has just been powered up,
either by installing fresh batteries or (if batteries are not installed) by
connecting to the computer’s USB port.
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Troubleshooting

This section describes problems you may encounter while using
the shuttle.

Shuttle is not recognized by host computer
If HOBOware does not recognize the shuttle when you connect it
to the computer, simply disconnect and reconnect the shuttle.

Red “Fail” LED blinks

The red “Fail” LED blinks (for 15 minutes, or until you press the
coupler lever, pressing hard enough so the lever bends) whenever
the shuttle encounters an error. There are several conditions that
might cause an error:

o Shuttle is full: If the red LED blinks when you try to read
out a logger, check whether all of the banks are full, as
described in “Checking shuttle status in the field.” Or, use
HOBOware to check the shuttle’s memory.

o Shuttle batteries are low: If you cannot read out any
loggers at all, check the logger’s status, as described in
“Checking shuttle status in the field,” or use HOBOware
to check the shuttle’s batteries. The batteries may simply
need to be replaced.

e Compatibility: The shuttle cannot read out or relaunch
loggers that were last launched from HOBOware prior to
version 2.2. You will need to read out these loggers on
the host computer and relaunch them in HOBOware 2.2
or greater before you can use them with the shuttle.

o Shuttle clock is not set: The shuttle has experienced a
power failure that caused the clock to reset. You must use
HOBOware to offload the files that are already on the
shuttle, then relaunch the shuttle before you can read
out another logger.

e Can’t communicate with logger: Remove the logger and
coupler. Inspect them and the shuttle to ensure that all
are free of dirt that could block the optic communication
sensor. Carefully reassemble the shuttle, coupler, and
logger, and make sure they are all seated properly. Shield
the shuttle from strong sunlight, if applicable, which can
interfere with optic communications.

e Other logger problems: If you can read out some loggers
but not others, or if you cannot read out any loggers even
with fresh batteries in the shuttle, check the loggers in
HOBOware. Make sure their batteries are at acceptable
levels and that there is no “corrupted header” message.

Amber “Transfer” LED stays on without blinking

The amber light is magnetically activated when you press the
coupler lever. If it glows steadily at any other time, the magnet in
the lever may be too close to the magnetic switch in the shuttle,
or another strong magnet may be present. Try bending the lever
away from the coupler to reduce the magnet’s effect.

LEDs do not function

If the LEDs are not functioning at all, the batteries may be
completely exhausted. To test this, attach the shuttle to the host
computer and check the battery level. The shuttle should be able
to communicate with the host computer, blink its LEDs normally,
and perform as a base station even when the batteries are missing
or depleted.

Replacing the Shuttle’s Batteries

The shuttle’s batteries should last about one year or at least 50
complete memory fills in typical conditions. When the shuttle’s
batteries run low (2.2 V or less), any logger data that is already in
the shuttle will remain safe, but the shuttle will not read out
another logger until its batteries are replaced.

To avoid battery problems, always check the shuttle’s batteries in
HOBOware before going into the field, and replace them if
needed. If you cannot replace the bad batteries right away, you
should remove them as soon as possible to ensure that they do
not leak and damage the shuttle.

To change the shuttle’s batteries:

1. Work over a clean surface to provide a safe platform for the
disassembly.

2. Unscrew the center cap on the shuttle. If the cap is too tight
to loosen by hand, insert a screwdriver through the lanyard
hole and rotate counterclockwise until the cap is loosened.

3. Usethe center cap to help you carefully pull the rubber
loop free of the large cap. The large cap cannot be removed
while the rubber loop is in place.

off.
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5. Turnthe shuttle over and tap it gently. The circuit board
should slide into your hand.

6. Remove the old batteries and install two new ones in the
correct orientation. Both batteries should be turned the
same way, with their positive ends facing the USB port on
the board. (When the second battery makes contact, all of
the shuttle’s LEDs will blink in unison.)

7. Putthe board back into the case, taking care not to bend
the communication LEDs. Align the circuit board with the
runners in the case. The USB port should face the open end
of the shuttle, and the LEDs should show through the
window on the label.

8. Close the shuttle’s case. Line up the tabs on the large cap
with the slots on the case, press gently, and turn slightly
clockwise until the large cap is closed securely.

9. Replace the rubber loop and center cap. Tighten the center
cap until it is just flush with the large cap, or until the O-ring
is no longer visible.

10. Using HOBOware, offload any datafiles that are on the
shuttle and launch the shuttle before going into the field
again. The shuttle will not read out and relaunch loggers

until the clock has been synchronized.

\I\AIING: Do not install batteries backwards, recharge, putin
fire, expose to extreme heat, or mix with other battery types, as
the batteries may explode or leak. Contents of an open or
leaking battery can cause chemical burn injuries.

Replace all used batteries at the same time. Recycle or dispose of
batteries according to applicable federal, state, and local
regulations.
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Appendix 4. Instructions for use of a Optical Reading PM-5
Clinometer
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SUUNTO CLINOMETER INSTRUCTIONS:

Clinometer is a term used for any device that measures heights of trees or elevations. The Suunto
clinometer is portable and accurate if used properly. It is a sensitive instrument so be

careful: do not swing the device or let it drop!

You will use a distance tape and measure 20 meters from the base of the tree you want to
determine height on. Be sure your final position allows you to see both the very top and bottom of
the tree- so walk around the tree first before you go out and measure your final distance. We will
measure total height of the tree- there are other types of height you can measure. Total height is
defined as the distance form the ground level to the upper most point of the tree. Total height of a
tree has many important implications including estimating overall size, competitive status, stand
architecture, etc.

Once in position, hold the clinometer as shown in the right side picture below:
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You will use the Percent scale- which as you look through the side ‘peep’ hole will probably be
on the left side (it will say on the exposed side scale which side is which). When you look through
the peep hole you must keep BOTH eyes open at all times. This will produce an optical effect that
transposes the cross hair onto the tree you are looking at. If you tilt the clinometer up and down
as you look through the peep hole you will notice the scales have both positive and negative
numbers. You must always know whether the number is + or -.

With both eyes open tilt the clinometer till you superimpose the cross hair on the very top of the
tree. Then read the proper scale and sign- this will be your upper reading. Then tilt the clinometer
down till you get a number from the scale that coincides with where the tree meets the ground.
Now use the equation below to get the final height:

Total height (meters)=(Top measurement — bottom measurement) X 0.20

For instance in the picture below suppose the top measurement I got (20 meters away) was +100
(Measurement “A"). While the bottom measurement(“B”) was
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-10. Then:
Total height= (100 — (-10)) X 0.20
Total height=110 x 0.20

Total height= 22 meters

I]----,_.q_I

—_

The most common mistake in measuring heights is really knowing where the true top of the
tree is since sometimes side branches can be mistaken for the top- this can cause an overestimate.
Notice how in the picture above the shot for the top of the tree ("A”) is through the
crown of the tree!

If you find 20 meters away from the tree is no good let your instructor know since any other
distance than 20 meters will change the total height equation. For instance, if you decide 50
meters is best then the equation would be:

Total height (meters)=(Top measurement — bottom measurement) X 0.50
At 100 meters it would be:

Total height (meters)=(Top measurement — bottom measurement) X 1.00

97



